


Welcome back, everyone! 
Whether you worked, interned or beach-bummed all summer; whether you're a 

returning student, a transfer or a new arrival at IT; whether you're familiar with Minnesota 
Techno log or not... the gang in 2 MechE hopes that studies and friendships go well for you 
this year. 

You've probablydonesomechanging over the summer. Wesurehave.lthinkyou should 
know about a few of those changes. 

First of all, I'm the new editor. I think my experience here will lend consistency to 
the Technolog over these nine months. I also think resuming editorial duties under one 
person's headship will reduce any confusion or misunderstanding between staff 
members. I've been spending a lot of time forging a vision for Technolog, and I think 
you'll find it an even more professional magazine this year. 

The staff and I have made minor format improvements. I've purged "After Graduation," 
deadwood from a past CLA editor, and made room for four major articles, with hope, 
each issue; one of the four will be written by an IT professor. Steve Bjork has been a big 
help coming up with new ideas and contributors. We're also working on some surprises for 
this year's Science Fiction Writing Contest. 

We've tightened up staff organization and financial accountability to be more 
responsible to your fee dollars. We've put on a big push for more national and local ads. 
And we've rearranged our office. (But who'll notice that except the T.A.s who stop in 
to use our penci I sharpeners?) 

After witnessing all this activity over the summer along only three staffers, I'm excited 
to see what will be going on now with a full crew on hand. 

Several new people have walked in and offered to write articles, take pictures, 
or help with production. We're also glad to have Bob Polasek with us, a transfer student 
from the University of Wisconsin-Madison College of Engineering and a veteran Wisconsin 
Engineer staffer. 

Watch for announcements about our Collector's Edition which will come out in late 
May, an extra issue to top off the year. Sold by single copies, it will contain the funniest 
material Technolog has ever printed, including all twenty-odd "Bionic T.A." comic 
strips, Star Trek spoofs and "Figby" cartoons from a few years ago, and some new 
material. (Would you believe a Star Wars spoof?) 

And lastly, we've decided to put our graphics and editorial experience to the benefit 
of other IT student organizations. If your student group has a newsletter, poster, 
pamphlet or any publication to be prepared, our staff will advise you, help you, or do it for 
you. We offer photographers, artists, reproductions, enlargements or reductions and 
design/layout charged at cost to first-time clients. We're in the directory under "IT Student 
Organizations Graphics and Production." 

What I want to do in "Editor's log" this year is address issues facing you as an IT student 
and a Technolog reader. Next issue, I'd like to discuss some of the things that have been 
said about the Technolog in connection with the Daily. 

~·~ ~ Editor 
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OLE KNUTSON, THE 
s~ ~c T.fl 

SAMURAI TA. GOES Off 
DROWN HIS ANGER, BUT 
BEING OUT OF SAKI HE 

!!lurunln.J 4 QUARTS OF 

I OLEf WE SURE AH COULD AH 
SOME EXTRA HELP INNA DA 
YA KNOW! YOU AH THINK MR. · ,..,., ... ., ....... · 

LD AH WANT AH DA ~ 

SAMURAI HAS FINALLY fOUND 
IN LIF~ IN 1HE KITCHEN 



Ask any professional about Hewlett
Packard calculators. You'll discover 
they're the ones dedicated to solving your 
problems. In the world of calculators 
Hewlett-Packard means outstanding per
formance: the most advanced functions 
and programming features to save you time 
and increase accuracy; the most advanced 
design to give you greater ease-of-use; 
rigid quality control for flawless perform
ance year after year; the most comprehen
sive and easy-to-read documentation; the 
most extensive selection of software solu
tions so you can spend your time solving 
problems instead of writing programs; 
and Continuous Memory in programmable 
models so you can retain your programs 
and data, even when the calculator has 
been turned off. 

Hewlett-Packard features six different 
calculators starting at just $70;*' to pro
vide professional solutions to problems in 
science, engineering and business through
out your academic and professional career. 
HP-32E Scientific with Statistics 
HP-33C Programmable Scientific with Continuous 

Memory 
HP-34C Advanced Programmable Scientific with 

Continuous Memory 
HP-37E Business 
HP-38C Advanced Financial Programmable with 

Continuous Memory 
HP-41C Alphanumeric Full Performance with 

Continuous Memory 

So visit a Hewlett-Packard dealer now. 
Then make the professional decision: buy an HP. 
For details and the address of your nearest 
dealer, CALL TOLL-FREE 800-547-3400, 
Department 270B, except from Hawaii 
or Alaska. In Oregon, call 758-1010. Or 
write: Hewlett-Packard, 1000 N.E. Circle 
Blvd., Corvallis, OR 97330, Dept. 2708. 

*Suggested retail price excluding applicable state and 
local taxes-Continental U.S.A., Alaska and Hawaii. 
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by Kyle Fairchild 

During the summer of 1975, thirty-one 
people met at Standford University and 
NASA's Ames Research Center to begin 
a ten-week research program sponsored 
by NASA and the American Society for 
Engineering Education. This was the first 
organized investigation of the possibili
ties for a settlement in space, based on 
the thinking of many men (including 
Konstantin Tsiolkovsky at the turn of the 
century and Hermann Noordung in the 
late 1920s), but more specifically on the 
notes and calculations of Dr. Gerald K. 
O'Neill of Princeton University from the 
six years preceeding the study. 

Habitat Designs 
The design study centered around a 

habitat in space to provide ten thousand 
people a home where they could enjoy 
normal human lives with a quality of life 
comparable to that of Earth. Not only did 
this structure have to be technically fea
sible, but also economically so. 

The habitat designed was a torus, with 
a tubular cross-sectional diameter of 130 
meters, the total wheel being 1790 meters 
(over 1 mile) in diameter, with a mass of 
150 kilotonnes (1.5 x 108 kilograms struc
tural mass at 0.5 atmospheres). Six 
spokes, each 15 meters in diameter, 
would provide access to the central hub 
and the spacecraft dock (see figure 1). 
The inhabitants would live inside the 
tube, under an artificial 1-G force pro
vided by a rotation of the entire habitat 
at 1 revolution per minute. Natural sun
light would provide normal light, reflected 
from the sun by a large mirror tilted at 45 
degrees suspended above the structure. 

Other designs are possible, and possi
bly more favorable. Another possibility is 
the Bernal sphere, subject of a similar 
1976 study. This also would support ten 
thousand people, with a radius of 895 
meters and structural mass of 3,545 kilo-

I 

Figure 1. Artist's conception of torus design space colony. 

tonnes. The central rotating sphere (1 rpm 
again) would be flanked by multiple tori 
on either end supporting the agricultural 
complex. A central access route would 
run through these to the sphere and sup
port the 2-G industrial sites, where solar 
furnaces and solar panels provide energy 
for the entire structure. 
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Figure 2. Earth-Moon libra lion (Lagrangian) points. 
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More advanced design ideas include 
an enormous cylinder (coined "Island 3 
Habitat" by its originator, Gerald O'Neill) 
that could house as many as ten million 
people or more. The structure could be 
located in a close orbit around the 
Lagrange libration point L-5, one of five 
such libration points in the Earth-Moon 
system, two of which are stable (L-4 and 
L-5, see figure 2). The Earth, Moon, and 
L-5 form the points of an equilateral tri
angle, 3.8 x 105 kilometers on a side. 

The fact is that permanent communi
ties such as these can now be built and 
inhabited off the Earth. Economic feasibi
ty, though, depends on two things: near 
limitless energy (solar) and extraterrestrial 
materials (initially the moon) for construc
tion. It would be totally impractical to 
think of raising the 10 million tonnes (1 x 
1010 kilograms) out of the 4,000 mile gravity 
well that we live in.Aminingfacilitywould 
have to be established on the moon. 

The entire concept, then, calls for 300 
humans with supplies and machines, 
based on the moon mining 10 million 
tonnes of lunar material, which would be 
used to build a habitat at Lagrangian point 
L-5 for 10,000 humans-plus plants and 
machines-who in turn would produce 
solar power satellites and new habitats. 

lunar Mining 
Apollo moon flights revealed that lunar 

soil contains approximately 45 percent 
oxygen (fixed in oxides), 15 percent 
aluminum, and 20 percent silicon, among 
other minerals including iron and titani
um. These could supply over85 percent of 
the resources needed for construction of 
a settlement, half being aluminum. Small 
amounts of other elements-carbon, 
nitrogen, and hydrogen-would have to 
come from Earth. Eventually, a sufficient
ly large asteroid might be captured so 
that no resources at all would need to be 
obtained from Earth. 



Getting the materials from the moon to 
the settlement poses a unique problem. 
Most optimum seems to be a mass driver, 
a sort of electromagnetic slingshot that 
would accelerate magnetically floated 
"buckets" with a linear synchronous 
motor to escape velocity. Acceleration is 
288 meters/seconds2 along a 10 kilometer 
track, although recent studies show a 
much shorter track would be feasible. The 
bucket of mass, under 10 kilograms would 
be accelerated by 3-tesla superconducting 
magnets. A method of track alignment 
must be considered. This might include 
telescopically viewed optical reticles, an 
instrumented bucket with recording ac
celerometers, or zone plate alignment 
using luminous intensity of a laser beam 
focused by Fresnel zone plates. Carefully 
timed launch sequencing and targeting 
could be done with real-time Doppler 
laser. An integration time between 5 x 10 5 

and 10 2 seconds would give velocity mea
suring accuracy from 2 x 10 2 to 10 4 meters 
per second respectively at the end of the 
run. Each 10 kilograms of mass would be 
received at Lagrangian point L-2 near the 
moon by a kind of automated catcher's 
mitt. Radar could detect payloads 10 
seconds away travel! ing at 200 meters per 
second and position the net and reel 
assemblies to decelerate it from 200 to 
20 meters per second before being de
posited into a storage depot. A rotary 
pellet launcher would provide position
ing and counterthrust for the 2,000 new
tons per payload. From there the re
sources could be ferried to L-5. 

Shell Structural Design 
Any particular section of the colony 

shell transmitting normal stresses in 
orthogonal directions may be designed in 
either a stressed skin or rib system. By 
far, the most efficient is stressed skin: 
the same material carries stress in both 
directions with the added advantage of an 

integral resistance to secondary torsional 
and bending loads (which hopefully should 
be minimal). Also, fabrication and con
struction would be simplified with a 
stressed skin design, as would problems 
with sealing joints, finishing and main
tenance. In addition, required additional 
mass, since each orthogonal set must 
carry the full force in that direction, is 
increased by a factor of 0 1-0'2/0'1 (0'1>02; 

0 1and 0 2 refer to membrance stresses in 
orthogonal directions). 

Design Formulae 

Skin thickness for the stressed skin 
design in the meridiana! (cross-section) 
and hoop (circumference) directions, res
pectively, are given by: 

(1) 

(2) 

where: 

t: = Por 
m Ow 

Po= atmospheric pressure (51. 7 kilo
pascals) 

P9 = equivalent pressure of pseudogravity 
7.66 kilopascals (530,000 tonnes in
ternal mass on projected area if 
678,000 meters2) 

p = density of structural material (2.7 
tonnes/meters3

) 

R= major radius (830 meters) 
r = minor radius (65 meters) 
ow= working stress (200 megapascals) 

The analogous equations for the sphere 
and cylinder are: 

(3) tcvL = Po/2 + pg 
Ow-PR 

(4) 
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Thus, since th > tm for the range of 
values of interest in this study, the skin 
thickness required containing both at
mospheric pressure and internal mass of 
equation (2) is: 

Considering atmospheric pressure 
alone by equation (1): 

tm =1.68 em 

An efficient way of construction might 
be to provide a skin with minimum thick
ness to contain atmospheric pressure 
and supply additional support for internal 
mass with hoops wherever needed. 

Structural mass for a torus design with 
a stressed skin would be: 

Now, if a completely ribbed system were 
used the structure mass would be: 

MR18 = 4nrR(tm + th) = 229,000 t 
with t:hdetermined now by: 

Since approximately % of torus sur
face is window area (Chevron design), the 
mass of the standard torus is: 

7 



Solar Power Satellites 

Obviously, for a space settlement/ 
industrial complex to return its invest
ment, it must create a marketable product 
Solar power satellites offer an enormous 
potential for meeting the future energy 
needs of Earth. One satellite could pro
duce enough electricity to power a large 
city. About the size of Manhattan, each 
SPS, manufactured mostly from lunar 
materials, would capture solar energy 
in space, convert it into transmittable 
electromagnetic radiation (either micro
wave or laser) and beam it to a very large 
Earth-based receiving antenna. The huge 
receiving antenna (rectenna) would allow 
a low-density beam to be used. Located 
36,290 kilometers above Earth's equator, 
one satellite could generate up to ten gig
awatts of electricity. It could use either 
the photovoltaic system of Peter Glaser 
or the more recent thermal converter sys
tem advanced by Gordon Woodcock. 

Problems 

The risk of damage from meteoroid 
collisions can be determined from the flux 
of meteoroids as a function of mass. This 
data comes from photographic and radar 
observations from Earth, measurements 
from spacecraft and impacts measured 
by lunar seismometers. Using these find
ings, it was determined that a 1-gram 
meteoroid strike would occur once every 
ten years. Damage would be the loss of a 

Figure 3. Baseline transportation proposal. 
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window panel (reparable) and a 1 percent 
per hour leakdown. A 100-gram strike 
could occur once every 2,000 years with a 
10-hour leakdown of 40 percent. A strike 

Space is not a hole that we regularly 
throw money into. It's an investment for 
the future of ourselves and of our children. 

The L-5 Society of Minnesota believes 
in the education of the public. It wishes to 
incite the same enthusiasm the Space 
Program enjoyed during its Apollo years, 
to proceed with the further evolution of 
mankind. 

The L-5 Society of Minnesota gives 
public lectures at the University and else
where. It is involved in planning the 
Futures Festival to be held at the down
town Minneapolis Holiday Inn on October 
25 and 26. It holds monthly social dia-
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Used by permission of L-5 Minnesota. 

of 1,000 kilograms could occur once each 
100 million years, causing major structur
al damage. Obviously, a meteoroid strike 

> 

logues with guest speakers such as Arthur 
Harkins, Vincent lcke, Scott Erickson, 
and others. It sponsors a Wednesday 
NASA film series at noon in Coffman 
Memorial Union room 320. Area school 
presentations-are planned. L-5 Minnesota, 
which publishes a monthly newsletter 
called L-5 Points, is a diverse group, en
compassing engineers, students, busi
nessmen and housewives. All opinions are 
welcomed. 

If you are interested in becoming in
volved in L-5 Minnesota, even in a modest 
way, call331-4968 or write: L-5 Minnesota, 
235 Coffman Memorial Union, 300 Wash
ington Avenue SE, Minneapolis, MN 55455. 



Ianese, we alwatvs see 
p(]~tenti 

Sometimes it's easy to spot our stake in life's essentials. Like 
the millions of garments each year that display the trademarks 
of Fortrel® polyester and Arnel® triacetate 
fibers ... because the manufacturers know they stand for 
quality. 

But that's just one side of Celanese. Our 
petrochemicals are the makings of paints and 
pharmaceuticals. Our plastics are already big in auto and 
plumbing parts, and now you're buying them in 
lightweight beverage bottles and modern tennis 
rackets. Our polymer specialties stabilize foods, help 
produce oil and coat everything from cans to cars. 

We need skilled people to develop, 
manufacture and market these products- over 
$3 billion worth in 1979 and growing steadily. 
Chemists and engineers who enjoy challenge 
but not conformity ... who enjoy the freedom 
and opportunity to be creative in an 
environment where traditional ways of 
doing things aren't considered the only 
ways. 

An Equal Opportunity Employer M/F/H/V 

• • , 

If you'd like to build a future with Celanese, just 
ask your placement officer to arrange an interview with 
us. Or write to Tom Clark at Celanese Corporation, 
1211 Avenue of the Americas, New York, N.Y. 10036. Fortrel® is a trademark of Fiber Industries, Inc., a subsidiary of Celanese Corporation. 



poses a very minor risk. 
Radiation may pose the single biggest 

obstacle to space colonization. Dr. Arthur 
Harkins, renowned futurist and education 
professor, feels that for now, anyway, 
space must be left for machines. Harkins 
cites a study that predicts up to 10 per
cent of the human body's nervous system 
would be destroyed on a manned flight to 
Mars. Others feel that sufficient shielding 
is possible. 

The first idea for shielding was to use 
industrial slag to form a protective layer 
across the surface of the colony. A radia
tion dosage level of 0.5 rems/year is con
sidered safe. Thus a shield thickness of 
4.5 tonnes/meters2 would be sufficient. 
This would require that many millions of 
tonnes of matter be mined and shipped to 
the colony. 

A plasma core shield is another possi
bility. Still speculative, this system works 
by raising the potential of the metallic 
habitat to a positive potential of 15 billion 
volts by circulating 1,000 couiombs of 
electrons along lines of magnetic force. 
This enormous electrostatic potential 
would cut off the net radiation dose to 
within the acceptable 0.5 rems/year. The 
shield would need to be energized by 
operating a 10-GeV electron accelerator. 

Where Do We Go From Here? 
First would be the permanent estab

lishment of a space operations center by 
extensive use of the Space Shuttle. 

Not mentioned here are potential de
velopments in space of new composite 
materials, superior crystals for electron
ics, multiphase alloys, and pharmaceuti-

cals, plus dozens of other possibilities in 
this zero-G, energy-rich environment. It's 
all out there waiting. Once accomplished, 
it's reality. 

References: 

Covington, Clark and Robert 0. Piland, "Space 
Operations Center", Astronautics and Aeronautics, 
September 1980, pp. 30-37 

Johnson, Robert D. and Charles Holbrow, Space 
Settlements: A Design Study (NASA SP-413), 1977 

Spinoff 1980: An Annual Report (NASA), p. 35 

Stein, G. Harry: "Power Orbiter," Omni, April 1980, 
p.22 

Stein, G. Harry: "Making A Cold Cure," Omni, August 
1980,p.22 



Be.nefits include: Educational 
Stipend, All Academic Expenses, 
Professional Salary, Employee 
Benefits, Summer Employment. 
Total Fellowship values range 
from $16,000 to $24,000 annually. 

If you're chosen for a Hughes 
Fellowship, you will attend a selected 
university under a work-study or 
full-study plan. You'll have the choice 
of a variety of technical assignments 
through the engineering rotation 
program. You'll gain professional 
experience with full-time summer and 
part-time winter assignments in 
Hughes engineering laboratories. 

Requirements: BS for Masters 
Fellowship/ MS for Engineer or 
Doctoral Fellowship/ Acceptance in a 
Hughes-approved graduate school/ 
U.S. Citizenship/Selection by the 
Hughes Fellowship Committee. 

Fori nformation, complete coupon 
or write today to: 
~~~~~~~~~~~~~~~~~~~~~ 

I Hughes Aircrofi Company I 
I Corporate fellowship Office I 
1 Culver City, CA 90230, I 
I I 
I Date I 
I I 
! Consider me a candidate for a Hughes ~ 
~ Fellowship. I 

~ Name (Please print) ~ 
I Address I I I 
I I 1 City State Zip 1 
1 I am interested in obtaining: 1 
1 0 Masters 0 Engineer 0 Doctoral degree 1 
1 in the field of 1 
I I 
I I 
I Degrees held (or expected): I 
I BACHELORS DEGREE I 
I I 
I School I 
I I 
I Field I I I 
~ Grad. Date ~ 

MASTERS DEGREE I 
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School I 

Field 
-----------------------1 
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Grad. Date 
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I 
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------------------------1 :-------------------; u.s. I 
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International Minicomputer Accessories Corporation 
(INMAC), which describes itself as "the leading independent 
vendor of floppies and other minicomputer supplies and ac
cessories," has provided Technolog readers with a "news" re
lease for "immediate" publication, titled "IN MAC Tells Seven 
Ways to Make Floppies Last Longer, Periorm Better." Among 
their helpful hints, IN MAC cautions disk users: "Don't bend or 
fold them ... Don't expose them to magnetic fields ... Don't ex
pose them to direct sunlight or to any other kind of excessive 
heat the could cause the disks to warp." 

Du-uh! 

Job hiring for EE graduates has never been higher, says Elec
tronics magazine, and salary offers in some instances have 
been 20 percent above last year's. 

Statistics from College Placement, Inc., show overall engi
neering hiring is expected to rise this year 26 percent over 1979 
at the bachelor's level, 22 percent at the master's level, and 57 
percent at the doctoral level. According to Electronics, 1980 
EE graduates wi II average from $19,000 a year with a bachelor's 
degree up to $30,000 a year with a Ph.D. 

The higher demand for engineering graduates means stu
dents will have greater flexibility over which job they decide to 
accept on graduation. Companies have been forced, says Elec
tronics, to recruit more intensely and push career growth 
and benefits as hard as salary. Some recruiters are also re
ported to use wine and cheese parties or expense-paid nights 
on the town with company personnel in their efforts to woo 
new graduates to their firms. 

And the competition is expected to continue, following 
today's technology boom. 

The starting salary of a chemical engineering graduate with 
a bachelor's degree is higher than the salary of the assistant 
professor who taught him, said Prof. Kenneth Keller at a 
regents' meeting this summer. 

Richard Oriani has been named director of IT's new corro
sion center. He will also be a member of the Department of 
Chemical Engineering and Materials Science. Oriani worked 
with U.S. Steel Laboratories in Pennsylvania for the past 20 
years. 
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Alfred O.C. Nier, Regents' Professor of Physics, was elected 
last spring to the National Academy of Arts and Sciences, an 
honorary society of 2,300 members founded in 1780. The 
Academy studies and publishes articles on major national and 
international problems which require expertise in several 
disciplines. 

Nier is best known for his work with the Viking Mars Project 
He was head of NASA's Entry Science Team for the flights of 
Vikings I and II. He is the inventor of the mass spectrometer, 
which was used to analyze the Martian atmosphere's composi
tion. 

As a participant of the Manhattan Project of the early 1940s, 
Nier used his mass spectrometer-then the only one in exis
tence-to isolate a sample of Uranium-235. (See articles in 
Technolog Fall I, 1979 and Winter I, 1981). 

Nier is retiring from the IT faculty this year. 

For information on the Future Festival and Regional Space 
Conference, Oct 24·26, write: Scott E. Shjefte, 5028 Oxford 
Avenue South, Edina, MN 55436. 

Under contract to the Solar Energy Research Institute (SERI), 
Boeing Corporation of Seattle has produced a thin-film 
CulnSe2/CdS solar cell with a solar-to-electrical conversion ef
ficiency of 9.4 percent, NASA Lewis Research Center con
firmed last July. Thin-film solar cells require simpler produc
tion techniques and less material than the single-crystal sili
con cells commercially available today, says SERI. 

Argonne National laboratory is developing fusion reactor 
wall materials that will minimize premature quenching of the 
plasma by "impurity atoms" knocked off the vessel's "first 
wall" by high-energy neutrons and other particles emanating 
from the plasma. 

Manfred Kaminsky and collaborators in Argonne's Physics 
Division have found that a "cladding" of certain polished 
titanium-boride coatings decreased the reactor's "sputtering 
yield" to almost half that of stainless steel, reports the June
July issue of Argonne News. If confirmed, Kaminsky's tech
niques will be applied to Princeton University's Tokamak 
Fusion Test Reactor, for which Argonne is working. 

Thin metal claddings of copper plate have also been devel
oped by Argonne for use as "first wall" protectors in Prince
ton's TFTR Plasma-Neutral Beam Injector System, which 
much withstand very short but intense bursts of electron 
power, and as "bumper limiters," components exposed tore
peated bursts of electron energy. 
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Casting, forging, and machining superalloys being unecon
omical, Pratt & Whitney Aircraft is pioneering a new tech· 
nique, hot isostatic pressing. Superalloy powder is heated 
and squeezed isostatically-equally from all directions-into 
a form more near the final shape than conventional casting. 

In the first step, hydrogen gas is dissolved in the 3,000-
degree Fahrenheit molten alloy at a pressure of 100 pounds/ 
inch2

• When a vacuum chamber tube inserted in the melt is 
opened, the dissolved gas expands, forcing the metal to spray 
upward into the chamber. Alloy droplets then solidify into 
spherical powder particles .003 inch in diameter. The aggre
gate looks like grey talcum powder. 

Oxidation is prevented in an argon-filled enclosure for sift
ing and blending, then in a tenth-micron vacuum as the powder 
is poured into disk-shaped pressing cans. The fi lied and sealed 
cans are pre-heated for three to four hours at 1,800 degrees 
Fahrenheit before pressing, to partially sinter the powder
that is, coalesce particles without melting them. 

Pre-heated cans are then placed in an argon chamber under 
temperatures as high as 2,300 degrees Fahrenheit and pres
sure between 15,000 and 29,000 pounds/inch2• Particle sur-

PUT YOUR SCIENTIFIC OR 
ENGINEERING DEGREE 
TO WORK 

If you're a degree candidate who would like 
to embark on a future-oriented scientific or 
engineering career, then consider the United 
States Air Force. It's one of the finest oppor
tunities in the nation. 

Completion of our three-month Officer 
Training School nets you an officer's com
mission and launches you into a career 
that's geared for tomorrow. Our equipment 
is among the finest, our working condi
tions are excellent, and our benefits pack
age unmatched. Find out about a space 
age service from your nearest Air Force 
recruiter. 

faces fuse by diffusion bonding. After several hours, the can is 
30 percent smaller by volume than it was. The can, bonded to 
the alloy within, must be stripped off chemically or by machin· 
ing. The alloy disk itself undergoes further heat treatments to 
strengthen it. 

The disks' "buy/fly" ratio-metal purchased versus metal 
actually incorporated in the finished product-is currently 3:1. 
Compare that to forging's 5:1. 

Eam up to $1,000 In scholarsh!p money with your original 
idea for a practical use of polystyrene foam. For rules and 
entry form, write: The Society of the Plastics Industry, 3150 
Des Plaines Avenue, Des Plaines, IL 60018. Deadline Decem
ber 1. 

Seminars--------
Seminar notices received by Technolog deadlines will now 

be posted on the bulletin board outside the Technolog office, 
room 2, Mechanical Engineering Building. 
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CITIES SERVICE 
COMPANY 

Diversified national resource company is seeking ENGINEERING 
candidates pursuing an M.S§ or PhsDs in Chemical or Mechanical 
engineering. The following positions are available at our new 
research laboratory in 1rulsa: 

-Enhanced oil recovery research to develop new methods to recover 
light and heavy crude oils 

-Field implementation of enhanced oil recovery techniques 
-Reservoir simulation with emphasis on simulator development 

application 
-Applied research in the area of pressure transient theory with 

applications in world-wide operations 
-Applied research in the area of solid and fluid mechanics 
~Equipment research and development for steamflood operations 

Company representatives will be on campus November 4 for personal 
interviews or send resume to: 

Manager, Research Facilities & Services 
Cities Service Company 
Exploration & Production Research 
P.O. Box 50408, Tulsa, OK 74150 
Tele: (918) 561 "'2578 

Extensive employee benefit program 
Competitive compensation 
Excellent opportunities for advancement & travel 

All replies will be held in strictest confidence. 

An Equal Opportunity Employer M!F 
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In ancient Crete, clay was used for 

the original sewers of the Minoan 
Palace at Knossos. After 3,500 
years, they still flow. 

That's why clay is still your best 
choice for sewer pipe. Because it 
lasts. 

Unlike alternative materials, clay 
is inert. So it doesn't disintegrate 
through chemical reactions in 
sanitary sewers. 

And unlike some alternative 
materials, clay is rigid. It supports 
earth loads well, without flattening. 
Its strength is not dependent on 
side fill compaction. 

Of course, you can always sub
stitute other underground piping 
materials. But you should be pre
pared to pay for expensive repairs, 
or even more expensive replace
ment, sometimes within just 10 
years. 

Which brings us to Dickey Clay 
pipe's biggest advantage. 

At Dickey, we guarantee our clay 
pipe for 100 years. And that's a truly 

remarkable guarantee. But not 
unreasonable in light of how well 
ancient clay sewers have survived. 

Today, we're America's largest 
clay pipe manufacturer, with a re
search and development program 
ensuring products to meet the needs 
of the wastewater industry. Dickey 
Plain End Pipe, with flexible coup
lings for faster, simpler, cost-saving 
installation is only one example. 

If the choice is yours, choose 
Dickey Clay. It could be the start 
of something everlasting. 

• I 

For more information, call your 
Dickey sales representative. 

Or call or write: W. S. Dickey 
Clay Manufacturing Company, P. 0. 
Box 6, Pittsburg, Kansas 66762, 
316/231-1400. 95944 



by Associate Professor George Shaw 

At 2 a.m. on May 18, 1980, the north face 
of Mt. St. Helens abruptly slid toward Spirit 
Lake 1000 meters below. Almost as soon 
as the landslide began, the release of rock 
load and pressure on the superheated 
water underneath resulted in an explosion 
roughly equivalent to a 10-megaton 
atomic bomb. 

The Cascade Range had become active 
once again. 

A chain of volcanoes runs along the 
backbone of the Cascade Mountains of 
the Pacific Northwest, extending from Mt. 
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Garibaldi in British Columbia to Lassen 
Peak in northern California (see map). 
About half of these volcanoes are in the 
state of Washington. From north to south 
they are: Mt. Baker, Glacier Peak, Mt. 
Rainier, Mt. Adams and Mt. St. Helens. Mt. 
Hood in Oregon extends the chain further 
south, followed by a number of less fa
miliar peaks and Crater Lake, which 
occupies a volcanic caldera. Mt. Shasta 
and Lassen Peak finish the chain to the 
south. These peaks are only a small part 
of the Circumpacific Volcanic Belt, in
cluding similar volcanic chains in South 
and Central America, Alaska, Kamchatka, 
Japan, and islands in the southwest 
Pacific. 

These volcanoes are the visible result 
of the subduction (or foundering) of parts 
of the plates making up the outer layer of 
the earth. Where the motions of these 
plates, caused by the convective release 
of the earth's internal heat, result in con
vergent motions, one plate must sink into 
the earth's interior (see Figure 1). This pro
cess occurs at a rate of 5-10 centimeters 
a year around most of the Pacific basin. 
Plate material underlying the ocean sinks 
back into the upper mantle from which it 
was originally derived. Continents, be
cause of their lower density, do not sink. 
In fact, the subduction of oceanic plates 
is an important part of the process by 
which continents are produced. 

The oceanic plates are heated as they 
sink into the earth and the heating releases 
water from the rock. This water serves as 
a flux to melt part of the oceanic plate and 
part of the surrounding hot rock of the 
earth's interior. The molten rock (magma) 
rises due to its lower density. If it man
ages to push its way to the surface, a vol
cano results, adding new material to the 
continent. Because of the slow rate of 
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subduction, volcanism of this type tends 
to be sporadic, with long, irregular inter
vals between eruptions. 

Cascade Cameos 

The new activity at Mt. St. Helens is 
only the latest episode in a history of 
eruptions extending back at least 36,000 
years. Other volcanoes in the Pacific 
Northwest show signs of activity dating 
back to a few hundred thousand years, 
and most of the Cascade volcanoes have 
erupted at some time during the last 2,000 
years. Mt. St. Helens has been the most 
active, erupting, on the average, every 125 
to 150 years. Some periods of activity 
have lasted for a few years or more. The 
last eruptions occurred over about a 20 to 
25 year interval in the second quarter of 
the 19th century. In fact, past activity of 
Mt. St. Helens prompted a report by the 
United States Geological Survey (Bulletin 
1383-C), "Potential Hazards from Future 
Eruptions of Mt. St. Helens Volcano, 
Washington;' which was published in 
1978! 

Before Mt. St. Helens' activity this year, 
the Cascades had been quiet since the 
eruptions at Lassen Peak, California, 
which lasted from about 1914 until 1921. 
Most of the other volcanoes in the chain 
show definite signs of heat beneath them: 
hot springs, steam, sulfurous gases. Any 
one could become active at any time, and 
it is hardly surprising that one of them did. 

Volcanic Indigestion 

The May 18th explosion was preceded 
by clear signs of activity, beginning with 
numerous small earthquakes below the 
mountain during the latter half of March. 
Earthquakes are often associated with 
volcanic activity and are produced by a 



number of processes associated with 
volcanism as the magnia slowly rises and 
heats the surrounding rock. The breakage 
of rock and adjustments to pressure and 
temperature as magma or steam rises 
produce numerous small shocks. Sudden 
releases of steam also produce explosive 
shocks, and landslides or avalanches on 
the mountain also may be recorded as 
earthquakes. Landslides or avalanches 
may be associated with a volcano which 
is not currently active (without moving 
magma inside), but can be distinguished 
from shocks within and beneath the vol
cano which are more indicative of poten
tial magmatic activity. 

. A particular type of seismic vibration, 
harmonic tremors, occur almost exclu
sively in conjunction with volcanoes and 
is thought to be caused by motion of 

magma at depth. Harmonic tremors in 
Hawaii frequently preceed volcanic out
bursts and have been used to follow the 
upward migration of magma. Harmonic 
tremors have been recorded at Mt. St. 
Helens, and their power spectrum is sur
prisingly similar to those from Hawaii. 
This is surprising because there is a sub
stantial difference in viscosity between 
the more fluid Hawaiian lavas and Mt. St. 

...,-VOLCANOES 

Figure 1. Plate Subduction. 
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Helens' viscous magma. Why the motions 
of such different liquids should produce 
such similar vibration spectra is an inter
esting problem still to be resolved. The 
answer may tell us much about how mag
mas work their way up and through solid 
rock. 

Mt. St. Helens' magma is highly viscous 
because its comparatively high water 
content, derived from the hydrous ocean
ic plate, produces a low-temperature melt 
rich in silicon. The low temperature and 
abundant Si-0-Si linkages produce a liquid 
which, at 1000 degrees Celsius, has a 
viscosity similar to boot wax or very heavy 
grease. The high viscosity is largely res
ponsible for the explosive nature of the 
Mt. St. Helens eruption. Because the 
magma cannot flow easily it rises slowly 
and heats a large volume of the water
bearing rocks within and below the moun
tain. The resultant superheated water pro
vides the mechanical energy of the explo
sions. 

When the magma starts to extrude at 
the surface, a channel is available, in 
principle, for the less violent release of 
this steam. However, this does not mean 
that violent explosions will cease once a 
dome of lava begins to form at the surface. 
The highly viscous magma extends to 
some unknown depth below the surface 
and the magma itself contains dissolved 
water, perhaps as much as 5 percent by 
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weight. As the pressure on the magma is 
released during its ascent, this water be
gins to separate from the silicate melt, 
again as superheated, pressurized steam. 
The sticky, freezing magma above pro
vides a cap which contains the steam un
til steam pressure exceeds the "rock" 
strength and lithostatic pressure, at 
which point it may escape in a violent 
explosion. For this reason, Mt. St. Helens 
is still an extremely dangerous place, 
even with its forming lava dome. In fact, 
strong explosions of simiJar volcanoes 
have often accompanied or followed the 
construction of large lava domes. 

How Big ... ? 

How spectacular was the May 18th 
eruption? The energy released has been 
estimated as equivalent to about 10 meg-

18 

atons of TNT. Ash was spread over an 
area of more than 2 million square kilo
meters. Ashfall of 1 centimeter or more in 
thickness covered an area of about 75-
100,000 square kilometers. (This should 
give pause to those who would seriously 
contemplate a survivable nuclear war, 
even accounting for differences in blast 
characteristics.) The explosion, ash erup
tions, avalanches, and mud and ash flows 
removed about 2-3 cubic kilometers from 
the mountain. 

Historic records of volcanic eruptions 
kept at the Smithsonian Institute indicate 
that such an eruption should be expected, 
somewhere on the earth, once in ten years 
on the average. Larger eruptions are 
known to have occurred. Krakatoa, erupt
ing in 1883, ejected about 18 cubic kilo
meters of rock into the air; and Tambora, 
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in 1815, was at least 5 to 6 times as large 
as that. Crater Lake, in Oregon, was pro
duced by the explosion of a volcano much 
like Mt. St. Helens. In that explosion about 
40 cubic kilometers of ash and rock were 
blown out and the mountain collapsed to 
form a caldera about 10 kilometers across, 
now filled by a lake over 500 meters deep. 
That eruption occurred about 7,500 years 
ago. The ash layer it produced covers 
millions of square kilometers and is easily 
seen in many parts of the Pacific North
west today. The May 18th eruption at Mt. 
St. Helens was small by comparison. 

The Mt. St. Helens eruptions have al
ready had a significant effect on the sur
rounding area. The blast levelled a few 
hundred million dollars' worth of trees and 
covered the immediate vicinity with a thick 
layer of volcanic ash. The ash flows and 

Photo by Tony Gantert 



mud flows have destroyed tens of square 
kilometers of scenic areas (creating new 
and different scenic areas), and carried 
sediment into the navigation channel of 
the Columbia River. Bridges, houses and 
roads have been destroyed. Fish, wildlife, 
and about 75 people were killed. In eastern 
Washington some crops were damaged, 
two billion dollars' worth. Long-term effects 
depend upon what the volcano does next. 

Predicting the behavior of this type of 
volcano is nearly impossible at present. 
Indications are that seismic data (har
monic tremors) can warn us an eruption 
is about to occur. What we don't know is 
how long the volcano will remain active 
and what kind of eruptions will occur. As a 
first guess, we can look at the histories of 
other volcanoes of the same type, which 
suggest that Mt. St. Helens will probably 
be active for perhaps a decade or more, 
with occasional ash and steam eruptions 
of varying sizes. Although it is possible 
activity will soon cease and the mountain 
will become quiet for another hundred 
years or so, this is not likely to happen for 
a few years. The May 18th explosion prob
ably marked the most violent phase of the 
eruption, but it is not at all unlikely that 
the volcano could explode even more 
violently in the next few years, perhaps 
after building a lava dome. 

Still Under the Cloud 

If Mt. St. Helens continues with small 
bursts of ash and steam, these will prob
ably have no significant adverse effects 
outside the areas close to the mountain 
which have already been destroyed. East
ern Washington still has some problems 
with the dust, but these will probably de
cline significantly in the next year and 
have virtually no effect on crops there
after. (Eastern Washington has often had 
dust storms in the past.) The long-term 
effect will probably be increased soil fer
tility due to micronutrients provided by 
the ash. Once the cleanup is complete in 
western Washington (dredging of chan
nels, reconstruction of roads and bridges), 

little additional effect is likely unless the 
mountain explodes violently again. Oc
casional ash eruptions will increase pub
lic service costs if the wind is blowing the 
wrong way, but the prevailing wind is over 
relatively unpopulated areas. The nui
sance of the ash may slow or even reverse 
economic growth if people and industries 
(especially clean industries) avoid the 
Pacific Northwest. I am personally con
vinced that the negative effects of Mt. St. 
Helens' activity have been overblown. 
Nevertheless, there seems to be a general 
feeling of: "How awful it is in Washington 
and northern Oregon." 

The global effects of the eruption, due 
to dust in the stratosphere, are subject to 
debate. Based on the size of the eruption 
and the quantity of particulates blown 
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out, I would guess that the effects will be 
virtually undetectable. Even allowing for 
the differences of opinion among clima
tologists and atmospheric physicists 
about the climatological significance of 
explosive volcanic eruptions, the May 
18th event at Mt. St. Helens was small 
potatoes compared to events that they 
think probably are of climatological im
portance. Tambora, in 1815 was nearly 
100 times as large, and probably pro
duced unusually cold conditions (mean 
annual temperatures about 1 degree 
Celsius lower), but the effect lasted only 
a few years. 

Mt. St. Helens is not going to initiate an 
ice age, but it does show us, in a small 
way, how untamed the natural environ
ment really is. 
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Our Cessna 172 bucked the mountain air currents as I fought 
nausea. Still, the view was breath-taking. 

Below us lay 150 square miles of toppled logs which looked 
like the aftermath of a bizarre game of toothpick dominoes. 
They all lay pointing away from the mountain. The steaming 
mountain. Mount Saint Helens. 

She crouched on her rocky haunches ten miles to our right. 
(The FAA forbids planes to fly closer than ten miles from the 
volcano without special permission, although it reports about 
40 pilots so far have been caught violating the restriction.) Look
ing like a half-buried horseshoe on end, her mouth gaped south 
at us. White steam rose from her gullet, climbed through the mist 
and emerged from behind the mid-high cloud bank as an im
maculate plume cloud crowning her head. The hellish saint's 
halo. 

She no longer wears her mantle of snow, and has lost a lot of 
weight-one-and-a-half cubic miles of rock worth, belched out in 
ash clouds or shrugged off in mudflows. Behind us now, Toutle 
River lays bloated, sluggish and grey, clogged with mud and 
logs. (The U.S. Army Corps of Engineers is building dams and 
dredging the waters of Toutle and Cowlitz rivers, twenty hours 
a day, but the heavy winter rains will soon threaten floods for 

The volcano spews a column of steam Into the misty air. 
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nearby towns Castle Rock and Silver Lake.) East of the volcano 
along 1-90, the wind whips up dust devils and small blizzards of 
the grey snow that won't melt. 

At this writing, a lava dome is forming in the crater, which 
normally means a volcano's explosive stage is over. Not so with 
Mt. St. Helens-she blew off her last lava dome six weeks after 
forming it following her June 12 blast. 

Geologists know that her harmonic tremors signify magma 
movement far below-that ~~something" is going on down there 
-though they consider irregular seismic activity a clearer clue 
as to whether the mountain will soon erupt again. They also 
know that a higher ratio of carbon dioxide to sulfur dioxide in 
the volcano's venting gases means magma is pushing its way 
towards the surface for an eruption. (Thus they predicted the 
August 7 blast within hours and evacuated 450 loggers from the 
area in 75 minutes, says Newsweek.) 

Still, United States Geological Survey helicopters approach 
the lip of the crater at their own risk to inspect the dome's forma
tion, intently monitoring radio seismic reports and ready to flee 
at the slightest danger sign. No one can say exactly when the 
blasted thing could go off. 

But then, that's the same thing all the books told us before 
1980. ~s~eve Deyo 

As a service to our readers, Techno log 
will be selling genuine Mt. St. Helens 
volcanic ash until November 1 or as 
long as the supply lasts. To get a tea
spoon of the stuff, bring your own con
tainer and 25q: to the Technolog office, 
room 2, Mechanical Engineering build
ing. 

Blizzards of volcanic ash whl; 
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Mt. St. Helens volcanic ash, actually micro--fine glass partl· 
cles,make short work of automobile air filters. 

The aftermath of a volcanic game of domlnoes~played 
with trees. (That's an airplane wheel guard In the comer.) 
Crystal-clear lakes overflow, sludgy with mud and ash. 



by Bruce Kvam 

The Snow Queen, by Joan Vinge 

Lord Valentine's Castle, by Robert Silverberg 

Changeling, by Roger Zelazny 

Have you ever heard the old claim that 
there are but three plots in all of fiction
that all stories are variations on the same 
basic themes? Those who contend this 
may not always come up with the same 
three, but you know what they mean. 

If you subscribe to this theory and think 
that similarity in plot is an unforgivable 
sin, you probably don't read much fiction. 
But it is possible to hold this view and 
enjoy fiction a great deal. Because, the 
argument goes, the story is in the telling. 
An old story can be told a thousand times 
without wearing thin. If it's told well. 

The Snow Queen, by Joan Vinge, is a 
story that's been told far more than once, 
and Vinge is the first to admit it. She 
makes no bones about the fact that she 
derived much of her inspiration for the 
book from the fairy tale of the same title 
by Hans Christian Anderson. 

Arienrhod is the queen of Tiamat. She 
has ruled for a hundred and fifty years, 
kept unnaturally young by the blood of 
slaughtered mers, gentle creatures of the 
sea. She is the Winter Queen, the Snow 
Queen. Soon her rule must end, for as 
Tiamat's sun makes its closest approach 
to the black hole it orbits, Summer will 
come and the Snow Queen and her con
sort will be cast into the sea (alive). The 
agents of the Hegemony, the galactic 
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civilization which has gifted Tiamat with 
much high technology, will pull up all 
roots at that point and leave the planet 
completely, because the black hole will 
no longer be useful to them as a "star 
gate" for travel between solar systems. 
Arienrhod is not completely selfish in her 
I ife-wish. She wants Tiamat to retain as 
much of that technology as possible, to 
prevent the precipitous fall into barbarism 
that has always happened at the onset 
of Summer. To further her plans Arienrhod 
goes so far as to clone potential succes
sors to herself. 

One of these clones is brought up in a 
Summer fishing village, completely ignor
ant of her heredity. Her name is Moon 
Dawntreader, and she and her stepbrother 
Sparks get caught up in the center of the 
action, which takes them from smugglers' 
hideouts to far-flung solar systems to the 
bedchamber of the queen. 

The Snow Queen is a fairy tale. Although 
the evi I queen is not all bad, and the heroes 
are not all good (Moon, though, is per
fection), the characters are still pretty 
much cut-and-dried. An exception is the 
police inspector Jerusha PalaThion. 
Jerusha is the only character who actual
ly makes decisions-the rest are all more 
or less shoved into their courses of action 
by circumstance, whereas Jerusha has to 
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wrestle with her problems and find the 
solutions herself. 

The Snow Queen is one of those stories 
that has been told a thousand times-the 
secretly noble commoner ascends to right
ful power. This telling is never dull, some
times predictable, sometimes melodra
matic, sometimes touching. It is worth 
reading. 

Robert Silverberg, who has renounced 
science fiction writing innumerable times, 
is back again with a whopping big book 
called Lord Valentine's Castle. It too is 
a classic tale retold. In fact, it has the 
same basic plot as The Snow Queen: the 
Nobody rises to greatest power. 

Valentine, to aU appearances, is a 
casual wanderer, and on his way to the 
festival in Pidruid, where the Coronal of 
Majipoor will soon arrive. He is a strange 
character, not seeming to know the value 
of money, how to obtain lodgings, or any 
of the things you need to know to survive. 
He is blessed with a marvelous tempera
ment and thus quickly attracts friends wil
ling to help him out. These include a 
troupe of traveling jugglers who take him 
in and teach him their trade, which he 
learns with astounding rapidity. 

Just when Valentine is settling into a 
life of idyllic juggling he begins to have 
dreams, bad dreams. He goes to a dream
speaker to find the source of his troubles 
and gets more than he bargains for. His 
naivete is the result of more than his easy
going personality. His memory, yea, and 
his very body, were stolen from him. Valen
tine is the true Coronal of Majipoor. The 



man who wears the crown and Valen
tine's body is a vile impostor. 

So Valentine sets off on a journey half
way across the planet (Majipoor is a big 
planet) to the Castle Mount. En route he 
meets many strange races, and many 
comrades rally to his cause as he amasses 
an army to restore himself to power. 

Lord Valentine's Castle is more of an 
epic quest than a fairy tale, an exciting, 
rip-roaring story quite unlike the deep 
philosophical works that Silverberg pro
duced in the sixties and seventies. Unfor
tunately, the book suffers from too much 
predictability. Everything is too easy for 
Valentine; you just know how it will all end. 
(Well. .. there are a few twists along the 
way.) The book is so well-written that you 
probably won't care. The adventures along 
the way are engrossing, and the treatment 
Silverberg gives to juggling is simply fas
cinating. He "stole" many of his ideas from 
the Brothers Karamozov, who have ap
peared semi-regularly at Dudley Riggs. An 
enjoyable book. Not particularly memor
able, but enjoyable. 

Yet another recent book that is based 
on ancient themes is Changeling, by 

Roger Zelazny. This is another of those 
overpriced and underwritten illustrated 
books. Be forewarned that I am prejudiced 
against these books on monetary grounds 
alone. 

A changeling is a child who is swapped 
for another in the cradle and is brought up 
as the child it replaced. This always bodes 
ill, and such is the case in Changeling. 

As the book opens, the evil Lord 
Rondoval's reign over a magical realm is 
ending as a large section of the castle ceil
ing crashes down on him in the pitch of 
battle. Among the shards of rubble is 
found a small child. It bears the mark of 
the dragon on its wrist; it is Devil Det's 
offspring. The soldiers want to kill it then 
and there, and prevent wrack and ruin 
from falling upon the land (again). But Old 
Mor, who led the magical battle against 
Det, is hesitant. He knows of a world 
where magic doesn't work, where the 
child would never know its powers. To 
keep things in the Universe stable, an 
equivalent living mass must be trans
ferred to Mor's world as well. An ex
change of infants is made. 

Each boy grows up in his world out of 
sync. Mark Marakson is reared in the 
mystical realm and is always building 
mechanical contraptions that the general 
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populace fears and distrusts. Daniel 
Chain grows up in the technological 
world, uninterested in the engineering 
pursuits of his father. He'd rather play his 
guitar. And besides, machines just don't 
work around Dan, especially when his 
birthmark acts up. 

Back in the magical world, Mark falls 
upon an ancient teaching machine and 
learns the secrets of a forgotten tech
nology thrown out in the great war that 
caused the split between the two realms. 
When Mark tries to help the people of the 
magical land with his knowledge, he is 
tragically refused. He takes to revenge. 
Old Mor must fetch Dan Chain from the 
other world to fight this menace, setting 
the stage for the conflict between tech
nology and magic. 

Well, I tell you, the deck is stacked. 
Technology loses in the end, of course. 
The magic in the story is so organic, so 
natural, so good. The technology is dehu
manizing, evil, loathsome. 

Being a technologist myself, this na
turally disappoints me. I cannot fault the 
book artistically for the bad light it casts 
on technology-there are always villains, 
and this time it happened to be technolo
gy. But I can still dislike the book for the 
slant it has. 
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Get'cher Homecoming 
buttons here! 

You'll want on® forth® bonfire, gong 
show and football gam®. 

$1..00 
Room 2, Mechanical Engineering 

There are other reasons why I wasn't 
pleased, though. Changeling is not really 
a novel, but a long short story-a novella. 
You're getting, say, one and a half hours 
of reading for your $7.00. The illustrations 
are superfluous and ill-placed. Sometimes 
they give away what is to come in the text, 
and I don't like that. 

I guess Changeling bugs me because 
there is so much anti-technology fiction 
extant today. Maybe I'm hypersensitive. 
I will agree that some technologies should 
be left alone. Though not inherently evil 
in themselves, they have a hard time keep
ing their hands clean in the real world 
(breeder reactors, for example). 

Zelazny's presentation of magic is 
somewhat interesting. He describes it 
much as though it too were a form of 
technology, with his laws of conservation 
and dissertations on the biology of dra
gons. Perhaps Zelazny, after all, is saying 
that the wielder of the tool is either good 
or evil, and the tool is nothing in itself. 

I didn't like Changeling much. But it's 
great for starting arguments. 

(Editor's note: Technolog regrets that the 
May 21 release date for The Empire Strikes 
Back was too close to our Spring II dead
lines to allow us to review it for our read
ers. But look for our Star Wars spoof in our 
special Collector's Edition to be released 
May 23.) 
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For a free government catalog 
listing more than 200 helpful 
booklets, write: 
Consumer Information 
Center, Dept. A, Pueblo, 
Colorado 81009. 
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Things y other ever Told e 

by Mary Jo Hannasch 

After I transferred into IT and took sev
eral of the introductory courses, I found 
that the ordinary student here gains a 
great deal of worldly information. The last 
time I was so startled by such knowledge 
was when I learned that there was no 
Easter Bunny. 

Amazing bits of information are ram
pant in the introductory physics courses. 
For instance, did you know that a newton 
is not a fig bar? And can you imagine my 
surprise when I learned that a joule is not 
a girl's best friend? One T.A. went so far 
as to point out to me that a meter is not 
something you park in front of. It is easy 
to see how my life-long ideas were quickly 
shattered. 

If your student organization 
wants to print a newslette~·= 
and wants to know how-come 
to us. 

Inexpensive labor. 

Experienced advice. 

Equipment and materials. 

IT students for IT studentss 

Institute of 

Technology 

Student 

Organization 

Graphics and 

Production 

Room 2, Mechanical Engineering 
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Even mathematics has some innovative 
ideas to offer. Contrary to common be
lief, "delta" does not refer to where a river 
branches out. Furthermore, the hospital 
will not put your leg in a cast for a severe 
case of partial fractions. The most devas
tating blow of all comes when the profes· 
sor reveals that to differentiate equations 
does not mean to be able to tell the dif
ference between them. 

To top it all off, the Department of 
Chemistry will emphatically insist that a 
mole is not a furry little creature that 
pushes up dirt with its paws. If this is not 
enough to shake your ingrained beliefs, 
nothing will. But to all new IT students, 
take heart. At last hearing, Santa Claus 
still lives at the North Pole (located in 
polar coordinates, of course}. 

Catch the bug. 
Sick of ho-hum write-ups? Get 

involved in IT, not just homework. 
Shoot photos, draw graphs, write 

articles or sell ads. Make Technolog 
happen. It'll spiff up your resume, 
and our enthusiasm is contagious. 

Come to the Technolog 
Staph Party .. 

Monday, October 13, 7:30 p.m. 

Call373-3298 for details. 



As a result, calls flow more 
smoothly through the nationwide 
network. 

Shortly after Trevor Byer 
came to Bell Labs in 1976, we 
asked him to join a design team 
tackling a big job. Their task: 
find a way to determine the 
accuracy, completeness and 
timeliness of the hundreds of 
millions of traffic measurements 
collected weekly in the Bell 
System. The job was important 
because engineers and managers 
at each Bell telephone company 
use the measurements to assure 
that enough equipment and 
circuits are available to meet 
customer demands. 

The solution that Trevor Eyer's 
team came up with was the 
Centralized System for Analysis 
and Reporting, or CSAR. Trevor 
focused on determining how 

I La 
From Science: Service 

much information telephone com
pany managers needed, and how 
that information could best be 
reported to them. His responsi
bilities ranged from software 
design and systems engineering 
to field testing of reports and 
training of CSAR users. With a 
BS and MS in Electrical Engi
neering from the University of 
Illinois, Trevor was prepared 
for the job. 

Here's how CSAR works. Once 
a week all the Bell telephone 
companies transmit performance 
data from their computers to a 
central computer in Piscataway, 
N. J. Overnight, CSAR analyzes 
the information, organizes it 
for use in many ways, including 
management reports designed 
by Trevor, and stores it for 
retrieval the next day. 

From their own computer 

t 
terminals, CSAR users in the 
telephone companies request a 
variety of reports: from sum
maries of switching system 
performance for an entire com
pany to detailed performance 
of individual switching systems. 
The reports can be displayed 
graphically to summarize 
performance trends over weeks, 
months, or longer. 

CSAR is one of more than a 
hundred computer-based systems 
used by the Bell System to pro
vide better network performance 
and better service to customers. 

If you are interested in equally 
challenging employment oppor
tunities, write to: 
Bell Labora,tories 
Room SB-881 
BOO Mountain A1Jenue 
Murray Hill, Ne?AJ Jersey 07974 
An equal opportunity employer. 



The ELECTRONICS and SPACE DIVISION of 
Emerson Electric. Broad~based in product line. 
International in scope and influence. An innova
tor ... setting the standards that others will 
follow for years to come. Emerson lists Flexible 
Armament Systems, Tactical Rockets, Airborne 
Ground Sensors, Radar and much more among 
its accomplishments. 

If---------CAREER OPPORTUNITIES 

Design 

Structural Analysis 

Systems Analysis 

Failure Analysis 

Optics 

Electronic Systems 

Product Assurance 

Logistics 

Computer Applications 

Finance 

Planning 

Administration 

Quality Assurance 

Manufacturing 

Procurement 

Cost Estimating 

Contracts 

Plant Engineering 

• Program Management 

Marketing 
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Emerson's ELECTRONICS and SPACE DIVI
SION is located in St. Louis, Missouri. Historic, 
Cosmopolitan. St. Louis is a city that boasts 
many recreational and entertainment opportuni
ties as well as a superior standard of living. 

The ELECTRONICS and SPACE DIVISION of 
Emerson leads the industry in quality and inno
vation. We offer top salaries and comprehensive 
benefits, as well as a superior professional en
vironment. To learn more about these and other 
career opportunities, write to: 

Manager, Personnel Resources 

S"P<Jtfl Division 
EMERSON ELECTRIC 
8100 W. Florissant 
Station 2627 
St. Louis, MO 63136 

equal opportunity employer m/f 



Jorge Lopez BS, Mechanical Engineering 

"When I interviewed with 
DuPont at The U. of Minnesota, 
I was amazed to learn that 25% of 
its engineers were MEs, and that 
they play important roles in the 
design, construction and super
vision of vital mechanical 
systems. 

"My first job at DuPont was 
challenging. It was up to me to 
see that construction on the new 
polyethylene plant at Victoria, 
Texas, met design specs. After 
start-up, it was my responsibility 
to make sure the plant produced 
the promised capacity. Right out 
of school, I was dealing with large 
capital expenditures. 

"The variety of assignments 
has kept it challenging and inter
esting. For example, I helped to 
redesign a ce11trifugal pump to 
get rid of vibration. I'm currently 
on the design committee work
ing to isolate and reduce emis
sions in a nylon intermediates 
plant." 

If you want to make full use 
of your abilities and enjoy doing 
it-whether you're an ME, ChE, 
or EE-see our Representative 
when he's on campus. Or write 
DuPont Company, Room 37799, 
Wilmington, DE 19898. 

At DuPont ...... there's a 
world of things you can 
do something about .. 

REG US PAT&TM Off 

An Equal Opportunity Employer. M/F 



by Tom Coughlin 

What will be the future of mankind in 
space? How quickly can industry develop 
in outer space? Will you be one of those 
to live in humanity's next great frontier? 

The answers to these questions dea 
pend heavily on whether space law will 
favor or discourage private enterprise in 
space. 

Outer space activities prior to 1980 
were chiefly academic, with some military 
overtones. As we enter the 1980s, the poa 
tential uses of outer space resources for 
constructive as well as destructive pur
poses will become clearer. But it is apa 
parent people will develop the resources 
of outer space if humanity survives the 
twentieth century. 

Unless competition in space vehicle 
launching and new launching technolo
gies development by private groups is 
allowed, the costs of space transporta
tion will remain high. Otherwise, outer 
space and its resources will remain outa 
side the realm of the common man's ex
perience and fall instead into the hands 
of the State, where they will be directed 
to warfare and the control of the popula
tion of our country and of the world. (In 
fact, far more has been spent on using 
outer space for military purposes than 
has been spent for academic and com
mercial purposes.) 

To take this issue to an immediate 
controversial conclusion: the current 
space programs of the world's govern
ments are being used for the militariza
tion of outer space at the expense of the 
public, who are paying for it and are being 
deceived that its aims are essentially non
militaristic. The military bent of the U.S. 
Space Program is visible in the heavy 
involvement of the Department of Defense 
in shuttle development, and the curious 
fact that, in the shuttle program budget 
cuts, military shuttle projects have 
emerged essentially unscathed. 

The alternative is non-governmental 
space enterprise. 
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International Space law 
The proposed "Moon Treaty" which 

came out of the United Nations last year 
-and which the United States is being 
asked to sign-could ultimately make 
commercial space enterprise impossible 
in the belief that outer space should be 
the common property of all humanity. In 
effect the Moon Treaty calls for the 
socializati.on of outer space and its 
future uses. 

The Moon Treaty is just one example 
of how Earth governments have been 
hampering the private development of 
outer space. In addition, national and 
international laws make it difficult, if not 
impossible, for private concerns to devel
op their own launch capabilities. Thanks 
to governments, legal considerations 
rather than high costs have primarily 
limited the development of spacecraft 
launching systems. 

The L-5 Society and like-minded people 
have sponsored a lobbying effort to con
vince President Carter and Congress not 
to approve the Moon Treaty. To date their 
efforts have been successful. If their 
success continues, there may be hope for 
a legitimate private space program. 

Current Space Enterprises 

Despite national and international 
limitations to private space enterprise, 
there is a growing movement for the pri
vate industrialization of outer space. 
Throughout the world, in both industrial
ized and pre-industrialized countries, 
interest in private space enterprise is 
growing. The last decade has seen at least 
one partially successful attempt by a 
West German company (OTRAG) to build 
an inexpensive orbital launch system in 
Zaire, Africa. Current private space pro
jects include Robert Truax's "Volksrocket;' 
the Sabre Foundation's "Earthport Pro
ject," which would create space free
ports in equitorial countries, and Christian 
Basler's "Staging Company." 

Governmenal space activities include 
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the ill-fated U.S. Space Shuttle as well as 
the Russian and European rocket pro
grams. The American and European ef
forts are usually accomplished with the 
aid of large aerospace corporations which 
are dependent on government subsidies 
for their work. These corporations could 
develop or provide capital for private space 
programs. There is some effort now being 
made by these companies to support pri
vate space projects, but it is unlikely they 
will act on them without government back
ing until the technology is proven. 

The X·3 Shuttle 

The latest efforts of Robert Truax
who, incidentally, is said to have had a 
hand in Eisenhower's decision to found 
NASA-are to launch his X-3 Shuttle which 
is inexpensive and privately financed. The 
X-3 is vertically launched. A centrally 
located hold-back restrains the rocket 
until full thrust is reached. At lift-off the 
thrust-to-weight ratio is 3:1. Burn-out 
occurs at 34,442 meters after 60 seconds 
of powered flight, at which point maxi
mum velocity is approximately 1,000 
meters/second. The spacecraft and its 
single-astronaut crew coasts to apogee, 
then falls back to Earth. On reaching a 
descent speed of 1,000 meters/second and 
an altitude of 30,480 meters to 45,720 
meters, a drogue chute opens to stabilize 
the rocket tail down and slow it to a 
velocity of 45 meters/second. At 6,100 
meters the main canopy opens, slowing 
the X-3 to 20 meters/second at splash
down in the ocean. The spacecraft and 
astronaut wHI be located by an AN/ 
MPQ-10 radar tracking sy~tem and an on
board transponder combination. A 38 
meter cutter with a helicopter platform 
on the stern will be stationed in the Iand
i ng area. Visual contact will be aided by 
dye released into the surrounding water 
by the X-3. 

The X-3 astronaut will face greater risks 
than those faced by government astro
nauts, but the price of the flight is 
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As one of the nation's leading recruiters of entry~level engineers, 
Schlumberger wants you to be aware of the alternative career 
opportunities awaiting you after graduation. Not all engineers sit 
behind a desk ... 
our engineers take command outdoors. 

After an initial 6bmonth training program, you will have mastered the 
art of interpreting complex well logging data. You'll be an engineering 
consultant, troubleshooter and supervisor, working a continuous 
schedule of 9 days on call, then 3 days off. 

To be considered, you must have a 4-year degree in ME, EE, PetE, 
Physics, or Geophysics. You must be capable of working long hours at 
remote oil and gas well sites. Your interpersonal ski lis must qualify you to 
be an assertive team leader as well as a diplomatic client consultant. 

Your benefit package will include 21 days vacation, a company car, 
expense account and monthly bonuses. 

At Schlumberger, we promote totally from within. We only hire those 
individuals who show us the potential to move up. If autonomy, self
reliance and decision-making are your strengths, you might find 
yourself at Schlumberger too. 

0 nings throughout the Western United States 
4-year degree required! 

Please call collect: (303) 534 .. 7500 
or write: 

Schlumberger Well Services 
Attn: Personnel Recruiting 
Suite 1700, 410 17th Street 

Denver, Colorado 80202 
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estimated at $875,725. Launching is ex
pected to take place in 1981. More infor
mation can be obtained from: Truax 
Engineering Inc., 12401 Green Meadow 
Lane, Saratoga, CA 95070. 

The Space Freeport Project 

The Space Freeport Project of the 
Sabre Foundation has the support of 
Robert Heinlein and Buckminster Fuller, 
a number of past and present aerospace 
executives and NASA officials, as well as 
representatives of a number of develop
ing nations. In October 1978, the idea was 
praised in the United Nations for its 
potential "for generating ... the impetus 
for the research, training, and other activ
ities aimed at bringing the benefits of 
outer space to all nations." Some nations 
have gone so far as to designate 200 
square miles as tax-exempt and tariff-free 
areas encouraging space development in 
third-world countries. 

According to an April 1979 article in 
Reason magazine, an optimally prosper
ous space freeport project should use 
sites on which: 
o no duties, commodity or sales taxes 
are levied; 
Ell nor exchange controls; free banking 
allowed in all currencies; 
® no personal income or corporation 
taxes are imposed; 
e all profits may be fully repatriated; and 
o all infrastructure costs, utilities, and 
import costs are at world market prices. 

Benefits to the host country include 
return from land leases, increased em
ployment in free zone industry for local 
laborers, stimulation of the local econ
omy and availability of free zone con
sumer goods. 

Programs in the transfer of technology 
to developing countries involved in the 
free spaceport activities would be over
seen by a non-profit, freeport-financed 
organization called the World Space 
Center, presently incorporated in Austria 
to insure a neutral base. Its decision
making council consists of space scien
tists and officials from many developing 
countries. 

"Organizers of the space freeport pro
posal," says the Reason article, "see a 
further benefit from their project. By the 
late 1980s, they believe demand for satel
lite launches will have grown enough to 
justify creation of a international space 
launching site, to be located near the 
equator." Presumably such a site could 
be located at one of the space freeports 
described earlier. 
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Orbital Launch System 

OTRAG is a West German company 
whose purpose is to build low-cost rocket 
launching systems based on a diesel oil/ 
nitric acid engine and using off-the-shelf 
components to build its rockets. In the 
mid-1970's OTRAG leased a large region 
in Zaire for its testing grounds, needed to 
contain the spent stages of its rockets. 
Two successful launches of test vehicles 
were completed at this site. 

In 1978, a story appearing in Penthouse 
magazine claimed that OTRAG was serv
ing as a front for West German develop
ment of a cruise missile and an inter
mediate-range ICBM. According to the 
July 1978 issue of Reason magazine, the 
source of the information was Soviet bloc 
propaganda aimed at destroying OTRAG 
efforts to build a private space program. 
Indeed, Soviet response went even further 
in backing the 1977 invasion of Zaire in 
the province where OTRAG was located. 
The result was OTRAG's dismissal from 
Zaire in 1979 and the end of the first con
certed attempt at a private space pro
gram. 

The "Staging Company" 

In October of 1979 at a conference on 
the Industrialization of Outer Space, a 
lawyer named Christian Basler presented 
an idea to stimulate private space ven
tures which he called the "Staging Com
pany" because "it performed the function 
of a staging area, accumulating in safety 
the amount of capital needed to minimize 
the risk of a planned assault." 

In its first stage, the company would 
function as a closed-end management/ 
investment company with a portfolio of 
stocks in companies likely to profit from 
space industrialization, particularly 
aerospace and high technology concerns. 

The income from that portfolio, instead 
of being paid as dividends to stock· 
holders, would be spent on relevant R&D, 
mainly contracted out to those same 
companies. The object of the R&D would 
ultimately be firm bids for necessary 
component systems of large space pro
jects. 

When and if the company accumulated 
enough capital, patents and required 
technological know-how, it would con-
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vert to an operating company. 
On March 5, 1979, International Satel

lite Industries, Inc., the outcome of 
Basler's activity was registered. lSI in
tends nothing less than " ... eventually to 
construct and sell solar power satellites .. :· 
according to its prospectus. The accumul
ation of capital to accomplish this end 
could take some 20 years, at which point 
it would convert to an operating company. 

Stock in lSI is not for those who need 
a dividend income. lSI has no intention of 
declaring dividends until some years after 
it becomes an operating company. How
ever, according to the company prospec
tus, " ... the Company may give preference 
in its hiring of space workers to holders 
of the Company's Common Stock." 

The address of lSI is 250 West 94th 
Street, New York, NY 10025. 

Summary 

Outer space has resources which could 
serve to benefit all humanity if developed 
in the context of free trade rather than 
military adventurism or state- or inter
nationally-controlled, centrally-directed 
activities. 

In addition, space industrialization may 
provide promising careers during our life
times for people in a variety of fields. 

Efforts are being made to impede the 
activities of private organizations in space, 
which could result in stagnation of the 
industry, use of outer space mainly for 
military purposes, thus increasing the risk 
of missile proliferation rather than peace
ful, private international space ventures. 
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e Strengthened product leadership in 
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The facts about UFOs, November's Voyager Saturn 
flyby, synfuel, voice synthesis, research in the Unified 
Field theories ... We're bringing it to you. As well as the 
fiction based on it: reviews of Pohl, Clarke, Varley, 
Zelazny and Heinlein (not to mention our annual 
Science Fiction Writing Contest, your own chance to 
synthesize fact-and-fiction and get published). 

In competition with fifty-some other engineering college magazines last year, 
our articles "Magnetic Bubble Memories" (Spring II, 1978) and "The Solar Neutrino 

Problem, or, What's SNU?" (Winter II, 1979) won honorable mentions in the technical 
article category; our story "Computers: Dumb in Fact, Smart in Fiction" (Winter II, 

1979) took third place among non-technical articles. 
We've published an original article by Gordon R. 

Dickson (Spring I, 1978), an exclusive interview with 
Dr. J. Allen Hynek (Winter II, 1980), and will soon run 
a "pro" argument for nuclear power by Professor 
Alfred O.C. Nier (Winter II, 1981). 

Our analysis of the UFO phenomenon, "What About 
UFOs?" (Winter II, 1980), was praised for its technical rigor as far as Bristol, England, 
by UFO International. 

And published authors Jim Young and Gordon 
Dickson began at Technolog. 

We've even scooped the Minnesota Daily. 
So, look for us on the IT campus. We're not only 

the cheapest subscription you can find probably anywhere, but fact is we're the 
only magazine that tells you all about technology in Minnesota-fact and fiction. 

s I I 

Of EARTHQUAKES AND 
VOlCANIC ACTIVITYrt 



ENGINEERS/COMPUTER SCIENCE GRADUATES 

We're McDonnell Douglas-one of the world's 
leaders in fast moving, exciting fields ... military 
and commercial aircraft, missiles, spacecraft, elec
tronics, automation and health services. 

And we're looking for people who are looking 
for the opportunity to put what they've learned to 
work-people like you. 

What we offer is a wide variety of advanced 
technical projects and a chance to get involved, 
really involved, in programs on the leading edge of 
technology. 

So, if you're an engineer or computer specialist 
who wants a real job with real responsibility. Sign 

r a career 
orizons? 

up at your Placement Office for an interview. 
We'll be on campus: 

Monday & Tuesday, 
October 13 & 14, 1980 

Or send your resume to: 
A. P. Adelsberger 
Professional Employment 
McDonnell Douglas Corp. 
P.O. Box 516 
St. Louis, MO 63166 

An Equal Opportunity Employer 



Monday, October 6 
Control Data Corporation 
Data General Corporation 
Texaco Incorporated 

Tuesday, October 1 
Atlantic Richfield Company 
B.F. Goodrich Company (The) 
Stone & Webster Engineering Corporation 
Texaco Incorporated (2nd Day) 
Westinghouse Electric Corporation 

Wednesday, October 8 
Dow Chemical U.S.A. 
Ethyl Corporation/Edwin Cooper Division 
IBM Corporation 

Thursday, October 9 
Beloit Corporation 
Boeing Military Airplane Company 
Dow Chemical U.S.A. (2nd Day) 
Eaton Corporation 
GARD Incorporated 
Honeywell Incorporated 

!!! Eastman Kodak Company (Ph.D. CE) 
Maytag Company (The) 

Friday, October 10 
Honeywell Incorporated (2nd Day) 
Litton Microwave Cooking Products 
NCR Corporation (Wichita, KA) 
Sperry Flight Systems 
Sperry Univac (Roseville, MN) 

Monday, October 13 
1m Emerson Electric Company 

George A. Harmel & Company 
Kohler Company 

1m McDonnell Douglas Corporation 
3M Company 
Ohio Medical Products 
Stanley Consultants 
Western Gear Corporation 

Tuesday, October 14 
Exxon Corporation & U.S.A. Affiliates 
FMC Corporation 
General Mills Incorporated (Corporate) 
Interstate Power Company 

m McDonnell Douglas Corporation (2nd Day) 
3M Company (2nd Day) 
Oakridge National Laboratory 
UOP Process Division 

Wednesday, October 15 
Conwed Corporation 

m E.l. DuPont 
Exxon Corporation & U.S.A. Affiliates (2nd Day) 
Falk Corporation (The) 

!illl General Electric Company 
International Harvester Company 
Texas Instruments Incorporated (Edina, MN) 
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Thursday, October 16 
Allen-Bradley Company 
Conwed Corporation (2nd Day) 

!illl E. I. DuPont (2nd Day) 
Exxon Corporation & U.S.A. Affiliates (3rd Day) 
Motorola Incorporated 

Friday, October 17 
Archer Daniels Midland Company 
Babcock & Wilcox 
Bemis Company incorporated 

!illl E.l. DuPont (3rd Day) 
Inland Steel Company 
Seismograph Services Corporation 
Signetics Corporation 
Union 011 Company of California 

Monday, October 20 
Boeing Company (The) 

!!! Hewlett-Packard Company 
Illinois Department of Transportation 
Pacific Gas & Electric Company 
Square D Company 
Vought Corporation 

Tuesday, October 21 
Boeing Company (The) (2nd Day) 

!illl Hewlett-Packard Company (2nd Day) 
m Hughes Aircraft Company 

Phillips Petroleum Company 

Wednesday, October 22 
Albany International 
Bechtel Power Corporation (CA) 
Detroit Edison Company 
Factory Mutual Engineering 
Iowa Department of Environmental Quality 
3M Company (3rd Day) 
Monsanto Company 
Olin Corporation 
Phillips Petroleum Company (2nd Day) 
Rohm and Haas Company 

Thursday, October 23 
Diamond Shamrock Corporation 
Ford Motor Company 

II General Electric Company (Ph.D.) 
3M Company (4th Day) 
Monsanto Company (2nd Day) 
Procter & Gamble Company (The) 

Friday, October 24 
Air Products and Chemicals, Incorporated 
Ford Aerospace & Communications Corporation 
3M Company (5th Day) 
Modlne Manufacturing Company 
Monsanto Company (3rd Day) 
Northern States Power Company (MN) 
Procter & Gamble Company (The) (2nd Day) 
Upjohn Company (The) 

rnThese companies support Technolog 
through their advertising dollar 
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Monday, October 27 
Allis-Chalmers Corporation 
BASF Wyandotte Corporation 
Gulf Oil Corporation 
Minnesota Valley Engineering 
Shell Companies 
Standard Oil Company (Indiana) 
Union Carbide Corporation (Ph.D.-ChernE) 
Wisconsin Public Service Corporation 

Tuesday, October 28 
Allis-Chalmers Corporation (2nd Day) 
Black & Veatch Consulting Engineers 
Conoco Incorporated 
Consolidated Coal Company 
Gulf Oil Corporation (2nd Day) 
Onan Corporation 
Shell Companies (2nd Day) 
Standard 011 Company (The) (OH) 
Trane Company (The) 

Wednesday, October 29 
Burroughs Corporation 
Caterpillar Tractor Company 
Menasha Corporation 
Rosemount Incorporated 
St. Regis Paper Company 
Shell Companies (3rd Day) 
Standard Oil Company (The) (OH) (2nd Day) 
Trans Company (The) (2nd Day) 

Thursday, October 30 
General Dynamics Corporation 
S.C. Johnson & Son 
Oscar Mayer & Company 
Shell Companies (4th Day} 
Shell Development Company (Ph.D.-CE) 

0 Texas Instruments Incorporated 
Trans Company (The) (3rd Day) 

Friday, October 31 
General Dynamics Corporation (2nd Day) 
Kimberly-Clark Corporation 
Shell Development Company (Ph.D.·EE, Phys, Geophys) 

m Texas Instruments, Incorporated (2nd Day) 

Monday, November 3 
Avec Lycoming Division 
Chevron U.S.A. Incorporated 
Chicago and North Western Transportation Company 
Duval Corporation 
Energy & Environmental Analysis, Incorporated 
General Mills Incorporated-James Ford Bell Technical 

Center 
Northern Indiana Public Service Company 
TASC (The Analytic Sciences Corporation) 
Warner Electric Brake & Clutch Company 
York Division/Borg-Warner Corporation 

Tuesday, November 4 
Chevron U.S.A. Incorporated (2nd Day) 

II Cities Service Company (Energy Resources Group) 
Deere & Company 
General Motors Corporation 
Sandia Labs 



Wednesday, November 5 
American Can Company 
Bucyrus-Erie Company 
Burlington Northern Incorporated 
Chevron U.S.A. Incorporated (3rd Day) 
General Motors Corporation (2nd Day) 
Procter & Gamble Company (The) (Management System) 
Sandia Labs (2nd Day) 

Thursday, November 6 
General Motors Corporation (3rd Day) 

Friday, November 7 
American Hoist & Derrick Company 
General Motors Corporation (4th Day) 
Mobil Oil Corporation 
Mostek Corporation 

Monday, November 10 
American Cyanamid Company 
Ampex Corporation 

00 Celanese Corporation 
Compressor Control Corporation 
Northern Natural Gas Company 
Reserve Mining Company 
Sperry Univac Defense Systems 
Union Carbide Corporation (Ph.D.ME) 
U.S. Army Material Development & Readiness Command 
Westinghouse Electric Corporation (follow-up) 
Zimpro Incorporated 

Tuesday, November 11 
American Cyanamid Company (2nd Day) 
American Electric Power Service Corporation 
Central & Southwest Services Incorporated 
Champion International 
Gray Research Incorporated 

II Intel Corporation 
National Semiconductor Corporation (CA) 
Reserve Mining Company (2nd Day) 

II Schlumberger Well Services 
Sperry Univac Defense Systems (2nd Day) 

Wednesday, November 12 
Gray Research Incorporated (2nd Day) 
Diamond Shamrock Corporation (Ph.D.-CE) 
Digital Equipment Corporation 

W Intel Corporation (2nd Day) 
Nortronics Company Incorporated 

W Ralston-Purina Company 
1m Ralston-Purina Company (Grocery Products Division) 
1m Schlumberger Well Services (2nd Day) 

Sperry Univac Defense Systems (3rd Day) 
Westvaco Corporation 

Thursday, November 13 
~!!! Bell Labs (CScl) 

R.R. Donnelley & Sons Company 
Fisher Controls Company 
Minnesota Mutual Life Insurance Company 
NASA Lewis Research Center 

II Union Carbide Corporation 
Westvaco Corporation (2nd Day) 

Friday, November 14 
II Bell Labs (CSci) (2nd Day) 

Cargill Incorporated 
Chicago and North Western Transportation Company 
Fisher Controls Company (2nd Day) 
Hercules Incorporated (Ph.D.) 
AI Johnson Construction Company 
Northern States Power Company (MN) (2nd Day) 
Northern States Power Company (WI) 

1m Union Carbide Corporation (2nd Day) 

Monday, November 11 
Action, Peace Corps, VISTA 
Arthur Andersen & Company 
Bechtel Power Corporation (MI) 

1m Bell Laboratories (EE) 
Brown Boverl Turbomachlnery, Incorporated 
Daniel International Corporation 
Federal Highway Administration 

1m E. F. Johnson Company 
m Eastman Kodak Company 

Marquip Incorporated 
Navy, Department of (Naval Weapons Center) 
Sperry Unlvac/(Semiconductor Division) 

Tuesday, November 18 
W Bell Laboratories (EE) (2nd Day) 

Central Intelligence Agency 
Hutchinson Industrial Corporation 
lXI Labs 

00 Eastman Kodak Company (2nd Day) 
Mead Corporation 
Parker Pen Company 
Pickands Mather..& Company 
Rexnord Incorporated 
Sperry Univac/Semiconductor Division (2nd Day) 
United Information Systems 
Wisconsin Natural Gas Company 

Wednesday, November 19 
Central Intelligence Agency (2nd Day) 
Electronic Data Systems 
Graco Incorporated 

1m Eastman Kodak Company (3rd Day) 
Mead Corporation (2nd Day) 
MIT Lincoln Laboratory 
National Security Agency 
Ottertail Power Company 
Paper Converting Machine Company 

m David Taylor Naval Ship Research & Development Center 
W United States Air Force 

Thursday, November 20 
Advanced Micro Devices Incorporated 
Corning Glass Works 
Dow Corning Corporation 
Fruln-Colnon Corporation 
Gould Incorporated 

00 Eastman Kodak Company (4th Day) 
Rockwell International 
Wisconsin Electric Power Company 
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Friday, November 21 
Argonne National Laboratory 
Dow Corning Corporation (2nd Day) 
Fluor Engineering 
Fruln-Colnon Corporation (2nd Day) 
Micro Control Company 
Minnesota Power & Light Company 
National Standard Company 
Navy, Department of (Naval Civilian Personnel Command) 
Northern States Power Company (MN) (3rd Day) 
Whirlpool Corporation 

Monday, November 24 
Amoco Production Research 
Brunswick Corporation 
Cargill Incorporated 
Chromalloy Porous Metal Technology 
Dalryland Power Cooperative 
Nelson Industries 
Pillsbury Company (The) 
Stauffer Chemical Company 
Texas Instruments, Incorporated (Semiconductor/Sales) 

Tuesday, November 25 
Boise Cascade Corporation (Paper Group) 
Brunswick Corporation (2nd Day) 
Fermi National Accelerator Laboratory 
Kennecott Minerals Company 
Medtronlc Incorporated 
Nekoosa Papers Incorporated 
Saint Paul Public Works 
Sargent & Lundy Engineers 
Schlumberger International Coordination 
Truchold Power Corporation 
United States Steel Corporation 

Thtmaday, November 27 
Thanksgiving Holiday 

Friday, November 28 
Thanksgiving Holiday 

Monday, December 1 
W United States Air Force (2nd Day) 

Tuesday, December 2 
Applied Magnetics Corporation 
Hanna Mining Company (The) 
Occidental Research Corporation 
Service Bureau Company 
Selmens-AIIIs 

Wednesday, December 3 
Hanna Mining Company (The) (2nd Day) 
Hooker Chemical Company 
Service Bureau Company (2nd Day) 

Thursday, December 4 
Hanna Mining Company (The) (3rd Day) 
MldTex Incorporated 

Friday, December 5 
Beech Aircraft Corporation 
Long Beach Naval Shipyard 
Owens-Corning Fiberglas Corporation 
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Innovation is the quality 
we prize over all others at 
Intel. We should. Our company 
is built on it. 

Twice during the last 
decade our innovations revolu
tionized the world of micro
electronics-first with semicon
ductor memory, then with the 
computer-on-a-chip. Our inno
vations resulted in twelve 
products that are now industry 
standards, and seven major 
semiconductor fabrication 
processes. 

Innovation is what 
prompted BUSINESS WEEK 
to call Intel "the premier tech
nology-based growth company 
of the 1970's:' And FORTUNE 
to include Intel's computer-on
a-chip as one of "the ten most 
impressive American business 
triumphs in a tumultuous 
decade:' And FORBES to 
write, "When Intel speaks, 
everyone listens:' 

The performance of Intel 

during the 1970's, awesome as 
it was, will be far surpassed by 
the innovations of the 1980's. 
We plan to lead another revo
lution in microelectronics-a 
revolution that will involve not 
only putting a computer on a 
chip, but actually embedding 
the operating system. The com
puter-with-sojfware on a chip! 

The opportunities are 
nothing short of dazzling. And 
obviously, the quality we want 
in people joining us now is the 
same one that propelled us 
from ground zero just twelve 
years ago into the pre-eminent 
position we enjoy today. 

We have a great deal to 
offer you. 

If you join us, you'll 
work on a small project
oriented team. We'll give you 
responsibility-and expect you 
to contribute-right from the 
start. Working on a small team 
means that you'll get exposure; 
your work will be visible. 

t 

You'll also have access to 
information. All you need to 
make effective decisions. Com
munications here are open due 
to our unique matrix manage
ment organization where 
planning responsibilities are 
shared among various groups 
in specialized fields. 

You'll be rewarded on 
performance, not seniority. 
Consider how important this 
can be to you, a college 
graduate. . 

We can offer you a vari
ety of career opportunities in 
all disciplines of engineering, 
technical marketing and sales, 
production management, pro
duction planning, and finance. 

And you can have your 
choice of five locations where 
the quality of life is high: 
California's San Francisco Pen
insula; Portland, Oregon; 
Phoenix, Arizona; Albu
querque, New Mexico; and 
Austin, Texas. 

If you are innovative, 
and if you are about to receive 
a technical degree in electrical, 
chemical, or industrial engi
neering, computer science, 
solid state physics, materials 
science, or business; or if 
you're about to receive a non
technical degree in business, 
finance, accounting, and other 
related fields, we'd like to talk 
with you. 

Send your resume now 
to Intel Corporation at the 
location of your preference. 

California: Intel College 
Relations, 3065 Bowers Avenue, 
Santa Clara, CA 95051 

Oregon: Intel College 
Relations, 5200 N .E. Elam 
Young Parkway, Hillsboro, 
OR 97123 

Arizona/Texas/New 
Mexico: Intel College Rela
tions, 6401 W. Williams Field 
Road, Chandler, AZ 85224. 

An equal opportunity 
employer m/flh. 
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At Checkerboard Square 

'lneerin 

We're for people. Sure, we're number one in pet 
food, agricultural products and tuna 
processing. And growing fast in the mushroom 
business. But more than that, Ralston Purina is in 
the people business. Because without people 
we wouldn't be any kind of company at all. 

Careers at Ralston Purina are people-oriented. 
That means responsibility, opportunity and 
challenge come with the job. 
All kinds of jobs. Everything from design to 
production, project to process research and 
systems to data base analysis. 

Whether computer science or whatever your 
engineering discipline, M.E., Ch.E., Ag.E., E.E., or 
C. E., CHECK US OUT. Arrange an inteNiew when 
the Ralston Purina recruitervisitsyourcampus. Or 
write to: 

® 

An Equal Opportunity Employer 

Corporate Employment Mgr. 
Ralston Purina Company 

Checkerboard Square 
St. Louis, Missouri 63188 
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Stop in at MSA Student Store in Coffman Union, and take the 
time to compare our prices with the others'. Because we're 
non-profit, we offer you the supplies you need at below retail 
prices. Check us out first for: 

$ Calculators 
e Technical Pens 
• Lead Holders & Penci Is 
e Templates 
e Triangles & T-Squares 

i 

i 

We'll set you up for a lot less than you expected. We carry all 
the major brands such as: 

e Texas Instruments 
e Hewlett Packard 
@ Casio 
e Sharp 
e Staedtler/Mars 
e Pi lot & Pen tel 

We also have a great selection of science fiction books, 
always at 10% off retail. 

You didn't get into I.T. with just half a brain-so don't pay full 
price for your supplies. 

Ground Floor Coffman 
Open Monday-Friday 8-7 

Saturday 11-4 



It can be an exciting picture for a new 
engineer or science graduate. Because 
Kodak is rapidly accelerating into the elec
tronic technology of tomorrow. We need 
bright ideas and fast thinking to help us 
apply this technology to the more than 
30,000 products Kodak markets. 

That leaves no time for leisurely appren
ticeships. You could find yourself immedi
ately in projects involving microprocessors, 
microprocessor controlled servo systems, 
laser writing, digital data processing, an
alog signal processing, input/ output inter
facing, opto-electronics, or experiment 
monitoring and control equipment. 

••• 

You may work on designing products, 
developing components that go into prod
ucts, or creating equipment to manufac
ture components and products. 

If you're interested in a career in elec
tronics and have a degree with course work 
to match your interest, we look forward to 
discussing the diversity and opportunities 
you can enjoy with us. See a Kodak campus 
recruiter, or send your 
resume to 

Personnel Resources, 
Eastman Kodak Company, 
Rochester, NY 14650. 

An equal-opportunity employer (f!m) manufacturing photographic products, fibers, plastics, and chemicals with plants in Rochester, N.Y.; 
Kingsport, Tenn.; Windsor, Colo.; Longview, Tex.; Columbia, S.C.; Batesville, Ark.; and sales offices throughout the U.S.A. 
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However, at Union Carbide innovation continues to improve peoples' lives. 

Union Carbide pioneered the petrochemicals industry. Today the Corporation's many hun
dreds of chemicals are used in everything from automobile bumpers to shampoos. A leader in 
the field of industrial gases, our cryogenic technology led to the development of the Oxygen 
Walker System, which allows mobility for patients with respiratory diseases. Union Carbiders 
are working on the frontiers of energy research-from fission to geothermal-at the world 
renowned Oak Ridge National Laboratory in Tennessee. Our revolutionary Unipol process 
produces polyethylene, the world's most widely used plastic, at one half the cost and one 
quarter the energy of standard converting processes. 

From sausage casings to miniature power cells, the Union Carbide tradition of innovation 
extends beyond research and development activities to our engineering groups, manufactur
ing operations, and sales forces. 

Continued innovation will largely spring from the talents of the engineers and scientists who 
join us in the 1980's. Interested? 

Campus interviews on November 13th & the 14th. Contact placement office for additional 
information. 

an equal opportunity employer 

Coordinator, Professional Placement 
Union Carbide Corporation 
270 Park Avenue 
New York, N.Y. 10017 



If you're thinking about a 
technical position after gradua
tion, think about this. 

How many companies can 
offer you a nuclear submarine 
to operate? The answer is none. 
Equipment like this is available 
only in one place-the Navy. 

The Navy operates over half 
the nuclear reactors in America. 
So our training is the broadest 
and most comprehensive. We 
start by giving you a year of 
advanced technical education. 
In graduate school, this would 
cost you thousands, but in the 
Navy, we pay you. 

Once you're a commissioned 
Nuclear Propulsion Officer, 

you'll earn a top salary. Over 
$24,000 a year after four years. 
And you'll be responsible for some 
of the most advanced equipment 
developed by man. 

The Navy also has other 
opportunities in surface ships 
and aviation assignments. If you 
are majoring in engineering, math 
or the physical sciences, contact 
your placement office to find out 
when a Navy representative will be 
on campus. Or contact your Navy 
representative at 800-841-8000 
(in GA call toll-free 800-342-5855), 
or send in the coupon. 

The Navy. When it comes to 
nuclear training, no one can give 
you a better start. 

FFICE 5 ES 

r--------------, 
NAVY OPPORTUNITY C186 
INFORMATION CENTER 
P.O. Box 2000 
Pelham Manor, New York 10803 
0 Yes, I'd like more information 

on the Nuclear Propulsion 
Officer Program. ((/)N) 

Name'~FIR~SI:-----:(,-PL-::-EA--:::SE:-cP:-::-RI-NT::-:-) ---LA-ST 

Address----------

CitY-----State--Zip--

Age--tCollege/University ___ _ 

:f:Graduation Date-- 0Grade Point __ 

I t.Major/Minor ________ _ 

I Phone Number-------:::-=-::-----:--:-
1 (AREA CODE) EC'v!\0180 

I f~: w~~:~eA~~~d~~;.M~~o~s~~nH;~~: I 505, and 510 states that );'OU do not have to 

I H:;:~:~~~:r:!~ ~~ek~~~~ ;: h~~~ea~~~~: 
I rately we can determine your qualifications 

~:_o~~~ Propul~~~..::::~~_J 

IL 
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To clarify our purpose and quell any confusion about what readers can expect 
from Minnesota Technolog, and to distinguish our purpose from that of the 
Minnesota Daily, I would like to elaborate on two points. 

One, we can't please everyone, but we are trying to please most everyone. And 
two, there is no comparison between the Daily and Technolog, since our purposes 
are distinct but not mutually exclusive. 

The latter first. 
The Daily's function is completely different from that of Technolog. The Daily's 

purpose is to inform the University community-at-large of newsworthy, often dated 
events which might, or do, impinge on our collective life or a significant part of it. 
Technolog's purpose, on the other hand, is to inform specifically the IT community 
of timely technological advances, research and issues within the engineering 
fields. The Daily writes generally for a predominantly CLA audience; Technolog 
writes technically for engineering students and faculty. The Daily offers 
information Technolog cannot provide (primarily spot-news of a general sort and 
daily events calendars}; Technolog provides more scholarly treatments on topics of 
interest to those in technical studies. Neither the Daily nor Technolog can fulfill 
each others' function, nor should they try. An IT student can read both 
and profit. 

This is because the Daily is geared to fast, efficient news dissemination, while 
Technolog's more flexible deadlines permit writers time to study a topic in depth. 
(Which isn't to say the Daily can't do the same, but in the long run, for a newspaper 
this gets uneconomical.) 

Also, a magazine's subject material is intentionally more timely than a 
newspaper's. That's why readers save magazines and journals for reference longer 
than a newspaper; why a magazine uses higher quality paper and thus looks better 
(and costs more); why magazines can afford to be more specialized. 

So much for the arguments for no comparison. 
I think that Technolog is professional enough for its purposes, considering 

that our writers, ad sellers and illustrators aren't in the business of writing, selling 
ads and illustrating. I feel that Technolog's track record for winning awards in 
journalism clearly places it above nine out of ten other engineering college 
magazines. 

It's commonly conceded that you can't please everyone. Still, we try to please 
most everyone. We've made adjustments under criticism that's been brought to us, 
and we'll listen to anyone who has a fair gripe or suggestion and brings it to our 
attention. 

We need response from our readers. Without it, we can't do more of what's 
right and less of what's wrong. 

Minnesota Techno/og, Fall//, 1980 
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PUT YOUR SCIENTIFIC OR 
ENGINEERING DEGRI~E 
TO WORK 

If you're a degree candidate who would like 
to embark on a future-oriented scientific or 
engineering career, then consider the United 
States Air Force. It's one of the finest oppor
tunities in the nation. 

Completion of our three-month Officer 
Training School nets you an officer's com
mission and launches you into a career 
that's geared for tomorrow. Our equipment 
is among the finest, our working condi
tions are excellent, and our benefits pack
age unmatched. Find out about a space 
age service from your nearest Air Force 
recruiter. 

Electronic, Mechanical, Reliability 

E.F. Johnson Company, one of the largest producers of mobile 
radio systems in the country, is seeking aggressive, quality in
dividuals who desire to explore tomorrow's technology today. We 
offer the opportunity to work on state-of-the-art technology 
without the pressure of the big city corporate rush. 

Our headquarters in Waseca, Minnesota, is located in an area 
where the easy pace of rural living can be enjoyed without having 
to drive more than 70 miles to take advantage of the many dif
ferent activities offered by the city. 

Right now we're looking for professional engineers to join in the 
research and development of Transmitters, Receivers, Duplexers 
and Digital Logic Control systems for use in our portable 
telephone communications products. 

Send your resume to: E.F. JOHNSON COMPANY 
299 10th AVENUE S.W. 
WASECA, MINNESOTA 56093 
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In ancient Crete, clay was used for 

the original sewers of the Minoan 
Palace at Knossos. After 3,500 
years, they still flow. 

That's why clay is still your best 
choice for sewer pipe. Because it 
lasts. 

Unlike alternative materials, clay 
is inert. So it doesn't disintegrate 
through chemical reactions in 
sanitary sewers. 

And unlike some alternative 
materials, clay is rigid. It supports 
earth loads well, without flattening. 
Its strength is not dependent on 
side fill compaction. 

Of course, you can always sub
stitute other underground piping 
materials. But you should be pre
pared to pay for expensive repairs, 
or even more expensive replace
ment, sometimes within just 10 
years. 

Which brings us to Dickey Clay 
pipe's biggest advantage. 

At Dickey, we guarantee our clay 
pipe for i 00 years. And that's a truly 

remarkable guarantee. But not 
unreasonable in light of how well 
ancient clay sewers have survived. 

Today, we're America's largest 
clay pipe manufacturer, with a re
search and development program 
ensuring products to meet the needs 
of the wastewater industry. Dickey 
Plain End Pipe, with flexible coup
lings for faster, simpler, cost-saving 
installation is only one example. 

If the choice is yours, choose 
Dickey Clay. It could be the start 
of something everlasting. 

For more information, call your 
Dickey sales representative. 

Or call or write: W. S. Dickey 
Clay Manufacturing Company, P. 0. 
Box 6, Pittsburg, Kansas 66762, 
316/231-1400. 95944 



Exobiological speculation is finding hints of 
support for extraterrestrial life. Nancy Hurd 
tells us about some not-so-subtle hints, car
bonaceous chondrites. 

by Nancy Hurd 

Long, long ago in a galaxy not so far 
away, the seed of a special solar system 
began to germinate. The search for this be
ginning continues to intrigue mankind. We 
are just beginning to understand our cos
mic heritage as we find the origin of life 
on earth linked to the origin of our solar 
system. 

bon, nitrogen, hydrogen, and oxygen, es
sential components of amino acids (the 
basic units of proteins), were some of the 
elements found in the spectral analyses of 
stars. 

Recent Syntheses 

The work of the Russian biochemist 
A. I. Oparin in the 1930s led to the general 
acceptance of the idea that the irradiated 
or I ightning-struck compounds of earth's 
primitive atmosphere (water vapor, meth
ane, ammonia, and carbon dioxide) 
coalesced to form simple and complex 
molecules that eventually became living 
organisms. Stanley Miller and Harold Urey 
at the University of Chicago demonstrated 
the plausibility of this theory in 1953. 

They created amino acids by sending an 
electric charge through a mixture of these 
compounds. Since then, sugars and nucleic 
bases have been synthesized also by this 
method. When combined, amino acids, 
sugars, and bases form the complex mole
cule of heredity, deoxyribonucleic acid or 
DNA. 

A University of Texas chemist, Allen 
Bard, recently reported the production of 
amino acids using only solar energy. He 
prepared a colloidal suspension of titanium 
dioxide powders coated with small 
amounts of platinum in a solution of meth
ane (CH 4 ), ammonia (NH 3 ), and water 
(H 2 0). The powders remained inert during 
the process, and acted merely as agents to 
transform the sun's energy to usable chem-

As that ancient seed is slowly cracked, 
the knowledge gained brings us closer to 
an understanding of the first moment of 
our evolution. Perhaps ironically, the most 
provocative clues of late are coming not 
from elaborate space probes, but from 
rather ordinary-appearing rocks. Of course, 
being extraterrestrial immigrants, these 
rocks or meteorites are not ordinary at all. 
They carry within themselves a fossilized 
record of the origin of our solar system 
and possibly of primitive precursors of life. 

Figure 1. Mineral makeup of the different types of meteorites. 

Early Theories 

The earliest recorded religious doctrines 
and philosophical treatises have exhibited 
an abiding interest in the origin of I ife. The 
popular theory in 600 B.C. was that living 
organisms originated in sea slime. 

Within the scientific community, one of 
the most enduring theories of the origin 
of life on earth was the theory of spontan
eous generation. Strongly supported by 
Aristotle (384-322 B.c.), this belief per
sisted through the 18th century. Many 
experimenters, including Francesco Redi, 
Abbe Spallanzani, and Louis J oblot chal
lenged this explanation, but it was not 
until the results of the thoroughly and 
thoughtfully designed experiments of 
Louis Pasteur were published in 1862 that 
this theory was refuted conclusively. 

During the late nineteenth and early 
twentieth centuries researchers began to 
investigate the relation between the origin 
of life on earth and our solar system. Car-
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ical energy. The reaction was analogous 
to the chlorophyl-based photosynthesis. 
Bard theorized that similar reactions may 
have occurred in rocks and clays, provid
ing nutrients to primitive organisms prior 
to the development of biological photo
synthetic systems. 

The process of organization, however, 
of the primordial broth componen~s into 
complex structures like DNA has remained 
elusive. This led scientists to believe that 
this step required nearly 3.5 billion of the 
estimated 4.6 billion years that earth has 
existed-and a lot of lucl<. 

New Evidence 

This viewpoint may be changing with 

Figure 2. Microscopic view of a very thin slice 
of a chondrite. Note the round chondrules in a 
fine-grained matrix. The black areas contain 
nickel-iron and troilite. 

new evidence accumulating on several 
fronts. James Lawless of NASA's Ames 
Research Center found that clays rich in 
nickel absorb only the twenty amino acids 
known to form animal proteins. Further, 
zinc clays absorbed only the six molecules 
that form genes. Lawless's research sug
gests a possible method of organization 
which would not demand a several-billion
year time span. 

Additional evidence in support of the 
significantly earlier formation of life was 
presented by Cyril Ponnamperuma, geo
chemist and director of the University of 
Maryland's Laboratory of Chemical Evolu
tion. He reported the existence of complex 
molecular fossils 3.8 billion years old. This 
discovery indicates that the origin of life 
on earth may have occurred much nearer 
to the formation of the earth than previ
ously expected. And the unearthly meteor
ites, believed created in the same Big Bang 
as earth, seem to be pointing in the same 
direction. 

Solar Origin 
As interstellar gas (primarily hydrogen 

and helium) and dust intermixed with 
heavy elements began to aggregate, dense 
molecular clouds with temperatures near 
10 I< (-263°C) were formed. One of these 
cold molecular clouds became so dense 
that it began to contract under its own 
self-gravity, warming as it collapsed. The 
core heat increased until a temperature 
hot enough to initiate nuclear fission was 
reached, and Bang! (to put it mildly) our 
solar system was formed. 

Solar System-Asteroid Link 

Among the bodies formed at that time 
that comprise our solar system were a 
group of minor planets called asteroids. 
These asteroids orbit the sun in an "aster
oid belt" which lies between the planets 
Mars and Jupiter. The asteroids range in 
size from approximately 600 miles in diam
eter to tiny mountain-size chunks. Astron
omers generally agree that originally there 
were probably about 50 large bodies. But 
under the strong influence of Jupiter's 
gravitational pull, their orbits were altered 
enough to cause them to start crashing in
to each other and breaking up. Some sci
entists divide asteroids into two main 
categories. The most common asteroids 

Minnesota Technolog, Fall II, 1980 

are carbonaceous. Their dark, carbon com
pounds enable them to reflect little light, 
so they are called "low-albedo" asteroids. 
The others reflect more light off of the 
silicon compounds of which they are com
posed, and are called "high-albedo." 

The original larger asteroids are thought 
to have undergone internal melting (like 
earth) and to have differentiated into me
tallic cores covered by stony-iron mantles 
and carbonaceous crusts (containing car
bon). The collisions caused the outer 
layers to shatter into the carbonaceous as
teroids, leaving the metal-rich cores to 
form the siliceous asteroids. 

Asteroid-Meteorite Link 

Interestingly, meteorites are categorized 
into three types: stony, iron, and stony
iron. The stony type is further divided 
into chondrites and achondrites. Chon
drites are those stony meteorites that 
contain small spherical inclusions of sili
cate minerals called chondrules. With in the 
chondrite category are further divisions, 
including one for carbonaceous chondrites 
(see figures 7 and 2). The silicate minerals 
found in the stony carbonaceous chon
drites are similar to those found on earth, 
and contain the elements silicon (Si) and 
oxygen (0) combined primarily with mag
nesium (Mg), iron (Fe), aluminum (AI), 
calcium (Ca), and sodium (Na). 

Two major theories exist to explain 
the origin of meteorites. They are desig
nated as 1) the parent-body theory and 2) 
the "raisin-bread" theory. As the name 
implies, the parent-body theory suggests 
that meteorites were originally part of a 
larger body. The different types of meteor
ites are presumed to come from different 
layers of the parent bodies called planetesi
mals (see figure 3). 

Some scientists distinguish between 
primitive and evolved meteorites. Primitive 
meteorites are defined as those that con
tain chondrules, and are believed to have 
been never part of a larger body. Rather, 
they condensed from the same gas and dust 
as the rest of the solar system. Evolved 
meteorites, in contrast, came from the 
breakup of larger bodies. Other scientists 
believe that the "primitive" meteorites are 
merely chips from the outer carbonaceous 
crusts of parent bodies. 

The "raisin-bread" theory is a modifi
cation of the parent-body theory. Propon
ents of this theory claim that different 
kinds of material were distributed ran
domly throughout the parent body and its 
breakup resulted in the existence of differ
ent types of meteorites. 

Because diamonds require high pres
sure for their formation, their presence in 
iron meteorites encouraged the belief that 
these meteorites must have originated in 
the core of an asteroid. Scientists now 
know, however, that rapid, intense shock 
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waves also may produce diamonds from 
carbon. Sufficiently strong shock waves 
may occur upon impact of a large meteor
ite with earth, or upon collision with other 
large meteorites in space. 

Using infrared reflectance spectra, re
searchers Larry Lebofsky and Michael 
Feierberg at the University of Arizona 
have found strong indications of a link 
between asteroids and meteorites. Feier
berg thinks that the asteroid 349 Dembow
ska may be the parent body of a rare 
achondrite because they are both calcium
poor and have the same (unusual) olivine
pyroxene ratio. Scientists also have ident
ified the asteroid 4 Vesta as the possible 
source of basaltic meteorites known as 
eucrites (see figure 4). Lebofsky has been 

determining the water content of various 
asteroids. The spectra for 2 Pallas shows 
five percent water, but the spectra for the 
non-carbonaceous asteroids such as 4 Ves
ta and 349 Dembowska show no water. 

Meteoritic age is defined as the time 
since melting occurred in its parent body, 
and is determined by employing radioac
tive isotope dating methods. I so topes are 
elements that have the same number of 
protons, but different numbers of neu
trons in their nuclei. Radioactive isotopes 
have characteristic half-lives. A half-life is 
the time required for one half of the exist
ing parent atoms to decay. According to 
their inherent "clocks" most meteorites 
are about 4.6 billion years old. This places 
their formation at the same time, not sur
prisingly, as that of the solar system. 

Cosmic ray exposure age gives an esti
mate of when a meteorite broke off from 
its parent body. As a meteoroid travels 
through space it is exposed to cosmic rays. 
These high-energy particles change some 
nuclei at a depth of one or more feet with
in the meteoroid to isotopes of the noble 

Figure 3. Cross-sectional views of possible parent bodies of meteorites. Illustration by Steve Smith 
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gases helium (He), neon (Ne}, and argon 
(Ar). By measuring the trapped gas atoms, 
scientists can tell how long ago a meteorite 
lost the protective outer crust of its parent 
body. Data collected so far have aggregated 
around particular values, suggesting that 
meteorites were formed from a few major 
collisions. 

Meteorite-Solar System Link 
By studying meteorites, researchers can 

make hypotheses about the formation and 
composition of earth. Direct evidence of 
primordial events on earth is not readily 
available from our planet because of the 
weathering and thermal adjustment it has 
experienced. Meteorites, however, having 
no atmosphere, have not been significantly 
changed since their formation, and so are 
regarded as "fossils" of the time of our 
solar system's origin. 

One humble member of our solar sys
tem called the Allende meteorite has led 
scientists to conclude that the initial cause 
of the stellar cloud's collapse was the 
energy released by the explosion of a 
nearby supernova. 

The carbonaceous Allende meteorite 
fell near the Mexican village of Allende 
near the Sierra Madre in February, 1969. 
Because the meteorite was so large, nearly 
two tons of fragments were recovered 
enabling scientists to perform a wide vari
ety of analyses. Of particular interest were 
the refractory minerals (those which con
dense from a gas to a solid at temperatures 
above 500 K) and some of their elemental 
isotopes. Among the minerals embedded 
in the meteorite in small crystals called 
inclusions were the following: 
melilite (Ca,Nab [ (Mg,Fe+ 2 ,Al,Si) 3 0 7 ] 

spinel MgAI 2 0 4 
perovskite {Ca,Na,Fe+ 2 ,Ce) (Ti,N b)03 
pyroxene (Ca,Mg,Fe+ 2 )Si03 
anorthite CaAI 2 Si2 0 8 

Investigation uncovered excess magnesi
um-26 in the crystal anorthite which 
should have had no magnesium or at most, 
a slight impurity. Scientists concluded that 
it must have been produced by the radio
active decay of aluminum-26 after the an
orthite had formed. Aluminum-26 has a 
half-life of 720,000 years. This means that 



the minerals, including the anorthite, must 
have been incot·porated in the meteorite 
and condensed before the bulk of the al
uminum-26 decayed radioactively. Since 
aluminum-26 is thought to be produced 
in a supernova explosion, a new light was 
shed on the birth of our solar system. Cal
culations show that ejected material from 
a supernova's shock waves would have had 
to travel several hundred million years 
(I onger than the hal f-1 ife of alu mi nu m-26) 
in order to mix in the interstellar gases. 

Therefore astronomers surmise that the 
supernova must have occurred nearby 
(within several half-lives of aluminum-26), 
and initiated the collapse of the cosmic 
cloud. 

Figure 4. Asteroid and meteorite reflectance spectra. 
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Carbonaceous Clues 

The Allende meteorite is still being an
alyzed for cosmic information. Curiously, 
in the same year that the Allende meteor
ite fell to earth another large carbonaceous 
chondrite exploded over Murchison, Aus
tralia. In 1972 scientists at NASA's Ames 
Research Center announced some fascin
ating finds. Fragments of the Murchison 
meteorite contained 17 different fatty 
acids and 18 amino acids. The question 
immediately asked was--Are these complex 
molecules the result of contamination or 
truly extraterrestrial? The scientists com
pared their results with the analyses of 
another carbonaceous chondrite that had 
fallen 19 years earlier in Murray, Kentucky. 
The compositions were strikingly similar. 
Twelve of the 18 amino acids isolated from 
each meteorite are rarely associated with 
the tissues of terrestrial plants or animals. 
The remaining six are often found in living 
tissues on earth, but rarely on carbona
ceous chondrites. 

Equally puzzling discoveries were made 
in 1964 when porphyrins were found in 
samples of the Orgueil meteorite which 
landed in F ranee in "1864. Porphyrins arc 
utilized by almost all terrestrial animal 
systems. The metal in the center of the 
porphyrin molecule enables it to act effi
ciently as an electron transport catalyst, 
important in respiration. Hemoglobin, the 
oxygen-carrying pigment in human blood 
is an iron porphyrin. Chlorophyll, the en
ergy-producing compound of green plants, 
evolved from a magnesium porphyrin. 

Even though the Orgueil meteorite has 
been on earth over a century, contamina
tion appears to be an unlikely source of 
the porphyrins. If the samples were con
taminated, biochemists would expect to 
find an abundance of chlorins--plant-rc-

11 



Ia ted pigments that differ from porphyrins 
by only two "extra" hydrogen atoms. 
These compounds are pervasive in terres
trial dusts and soils. But because the chi or
ins are virtually absent from the Orgueil 
meteorite, scientists believe that the un
expected and abundant porphyrins are 
truly extraterrestrial in origin. 

In the attempt to avoid even the possi
bility of contaminated samples, geologist 
William Cassidy at the University of Pitts
burgh led a team of scientists to Antarctica. 
The meteorites found there were collected 
by sterile teflon-gloved hands, placed in 
sterile teflon bags, packed in dry ice and 

flown to the Johnson Space Center in 
Houston to be studied. Though they are 
not sterile, the meteorites are the cleanest 
extraterrestrial specimens available on 
earth. An added bonus to the preserving 
cold of the Antarctic is the ease of locating 
meteorites there. Until 1969, only 2600 
meteorites had been collected in the world. 
However, in the last decade more than 
1600 have been gathered in the Antarctic 
primarily by Japanese and American ex
peditions. More meteorites do not fall on 
Antarctica than on other places of the 
world, but the geography and weather 
conditions there combine favorably for 

Figure 5. Like a giantfrozenconveyorbelt, the Antarctic ice cap collects 
falling meteorites and carries them to mountains or smaller land masses 
(nunataks). Mountains stop ice, which then rises and is worn away 
(ablated) by high winds, leaving meteorites on the surface. The glacial 
snow cover (firn) cushions impact of falls. (from Popular Science, April 
1980). llluotratlon by Stove Smith 
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the accumulation of meteorites in predic
table areas (see figure 5). 

Carbonaceous chondrites are acquired 
more rarely than the other meteorite types 
because they are more likely to be mis
taken for ordinary terrestrial rocks, they 
are more susceptible to weathering, and 
they are more likely to burn completely 
while falling through the earth's atmos
phere. Among the 300 meteorites gathered 
by 1978, only two were carbonaceous 
chondrites. 

However, these two specimens have 
presented researchers with some of the 
definitive data they have been looking for. 
Cyril Ponnamperuma, director of the 
Laboratory for Chemical Evolution ana
lyzed the Antarctic carbonaceous chon
drites and found an equal distribution of 
amino acids in the interior and exterior of 
the meteorites. Again, if contamination 
were playing a role in the presence of 
amino acids, researchers would expect to 
find more and different amino acids on 
the exterior. Furthermore, the amino 
acids were both levorotatory (L-) and 
dextrorotatory (D-). L- and 0- forms of 
amino acids are optical isomers of each 
other. They are essentially the same mole
cule except that they are mirror images of 
each other. This is sometimes referred to 
as right- and left-handedness. The L-form 
or isomer rotates a plane of polarized light 
to the left; the 0-isomer, to the right. The 
significance of this discovery I ies in the 
fact that on earth only the L-isomers are 
utilized to build proteins. (Except in the 
special case of a single-celled organism that 
uses 0-isomers to build its cell walls) The 
0-isomers are designated "abiotic." When 
biochemists synthesize amino acids, they 
produce mixtures of L-and 0- isomers. In 
order for the amino acids to link together 
to form proteins and other organized 
structures necessary to life, they must be 
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all the same type of isomer, L- or D-. On 
earth, for amino acids, the L- isomer was 
more successful. The presence of both 
types within the meteorites is regarded as 
confirmation that the amino acids were 
formed extraterrestrially, and that they 
are prebiotic compounds rather than resi
dues of biological organisms. 

The minute amounts of organic mole
cules are detected by employing gas-liquid 
chromatography and a flame photometer. 
Dissimilar molecules travel at different 
rates through the chromatography tube. 
As they emerge, they are burned and ion
ized in a hydrogen flame. The charged 
particles are recorded with time and later 
compared to known standards for identi
fication. 

So we know how to find the meteorites, 
how to analyze them, and how to identify 
their amino acids. It couldn't be that 
straightforward-and it isn't. The Orgueil 
meteorite contains more D- amino acids 
than L- amino acids, instead of an equal 
mixture. One partial explanation revolves 
around the concept that irradiation by 
light, heat, X-ray, or other energy sources 
interconverts D- and L- forms. Meteorites 
originating from the outer crust of an as
teroid may have been subjected to more 
radiation and subsequent switches than, 
for example, iron meteorites from the 
core. This account is not entirely satisfac
tory because it still does not explain why 
an abundance of either isomer should be 
found. 

Future Frontiers 

The investigation of carbonaceous 
chondrites continues. Where will the next 
steps lead? Astronomers, physicists, geol
ogists, and biochemists are exploring many 
facets of our origin. Astronomers scanning 
distant space with radiotelescopes have 
discovered some amazing free-floating 
molecules in space including methyl mer-
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captan, the odoriferous compound for 
which the skunk is famous. Others include 
carbon monoxide (CO), ammonia (NH 3 ), 

water (H 2 0), ethyl alcohol (CH 3 CH 2 OH), 
sulfur dioxide (502 ), formic acid (H 2 C02 ), 

and cyanodiacetylene (HC 5 N). 
Geologists analyzing the Mokoia met

eorite which fell in New Zealand in 1908 
found spheroidal microstructures which 
absorbed biological stains. Most research
ers believe the spheroids are mineral grains, 
but their conclusions are not definitive. 
Other scientists are looking for fossils in 
the Greenland graphite. The Laboratory 
for Chemical Evolution is synthesizing 
the jovian and saturnian atmospheres. 
Chemists are investigating a new elemental 
form of carbon-the carbynes-found in 
the Allende meteorite. And biologists are 
studying algae that thrive twenty feet be
low Antarctic ice. 

Life Links 
How do complex molecules form against 

the entropy of the universe? Are organic 
molecules trapped by or in meteorites, are 
they created within meteorites, or are they 
left by biological organisms? Did complex 
molecules form on earth or was earth 
('seeded" by the complex molecules on 
ancient meteorites? 

It appears that Darwin's warm I ittle 
pond may not be a universal prerequisite 
for the origin of life. Our solar system 
seems to be permeated with organic seeds, 
and though we regard terrestrial I ife as 
special, we may find it increasingly prob
able that it is not unique. 
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Scott Dacko capsulizes some of the 
research Professor William Farneth of 
the Department of Chemistry is now 
undertaking. 

by Scott Dacko 

The laser. Chemistry. What do the 
two have in common? More in the small 
room on fourth-floor Kolthoff than you 
would think: a research group headed 
by Professor William Farneth is study
ing infrafed laser photochemistry of 
organic molecules. 

Infrared photochemistry is the study 
of chemical reactions initiated by the 
absorption of infrared radiation. Such 
reactions were first studied in 1971. But 
since study of visible photochemistry 
goes back to the nineteenth century, 
you may wonder why infrared 
photochemistry took so long to appear. 
The truth is, infrared photons have an 
energy problem: they only have between 
1 and 10 kcai/M of energy. However, a 
typical chemical reaction requires bet
ween 30 and 100 kcai/M, and until 1971 
there wasn't a powerful enough energy 
source to initiate a reaction by infrared 
absorption. That is, until the advent of 
the high-powered infrared laser.) Pro
fessor Farneth is using a C02 laser with 
an output of about 1 J/pulse to study 
such reactions. 

Why study organic molecules? Be
cause a greater diversity of organic 
reactions are available and industrially 
important. In other words, more 
chemical flexibility. Using the C02 

laser, it's been demonstrated one can 
initiate reactions with energy re
quirements as large as 92 kcai/M by ab
sorption of the laser's radiation. This 
would mean an absorption of at least 31 
photons/molecule. 

A particular case is sulfur hex
aflouride, which can be decomposed by 
the use of a C02 laser as an activation 
source into an SF5 radical and a flourine 
atom by S-F bond cleavage (SF6 -? SF5 o 

+ F 0 ). One significant question which 
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this result generates is, how does the 
multi-photon absorption process oc
cur? Or more specifically, how does a 
molecule absorb 31 photons, and how is 
the energy disposed of in the ensemble 
of molecules after the photons are 
absorbed? 

Farneth notes that one exciting 
possibility at this point is, it could mean 
localized distribution of energy within 
molecules. Work on single-photon in
frared absorption has established that, 
when a photon is absorbed, it goes into 
some particular nuclear motion within 
the molecule. It is known that, if the in
frared source is tuned to resonance 

with the approximate frequency of a 
specific nuclear motion within the 
molecule, the molecule can absorb 
energy where it is localized in that mo
tion. For example, methanol has an -OH 
stretching frequency at approximately 
3400 cm·1 , and any sources providing 
3400cm· 1-freq uency photons would 
send the first photon absorbed by this 
molecule specifically into an -OH 
stretch. 

The questions Farneth wants to 
answer are, when multi-photon absorp
tion occurs, is local energy distribution 
maintained? And if so, does this con
stitute a way of selectively exciting 

Professor Fameth watches as graduate student Marcus Thomsen calibrates the 
high-powered C02 laser used In the group's research. 
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parts of molecules? Still another ques
tion is, can this activation method be 
used in ways that have advantages over 
conventional activation methods, such 
as thermal activation (heating)? 

The apparent advantage of the laser 
are its spatial and temporal resolu
tion-activating only the molecules 
within its micro-second path. Another 
advantage is that molecules can end up 
with large amounts of energy, which 
may result in different chemistry than in 
normal thermal activation. 

Farneth and his assistants have done 
much work with vinylcyclopropane. 
When they irradiate the molecule at low 
pressure (0.2 torr, or 0.2 mm of mercury), 
they get a mixture of five products, four 
of which are also obtained by thermal 
activation. However, the proportions 
obtained under laser activation are en
tirely different Farneth has noticed it's 
also possible to change the ratios of the 
products within the product mixtures by 
changing the conditions of activation, 
such as gas pressure and laser power 
(intensity), the two variables that give 
the most control over the total amount 
of energy the molecule accumulates. 
Another variable is laser frequency. 
Best results are obtained when the 
laser is tuned to the low-energy side of 
the absorption maximum. Clearly, an 
absorption range within the laser's out
put (from 900 to 1100 cm-1

) is required 
for success. 

Farneth's group is trying to design a 
molecule with two reaction pathways of 
equivalent energy requirements, then to 
activate the molecule in a way that 
ought to pass the energy for one reac
tion pathway over another. 

To do this, Farneth and his group 
have had to synthesize organic 
molecules. They have designed and 
synthesized several that meet their re
quirements, but the work is still in prog-
ress and they have not reached any con- By gas chromatography, Professor Fameth determines the chemical composition 
elusions as to whether or not energy is of products produced by infrared laser activation. 
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localized in the reactant molecule. To 
date, results have indicated that the 
energy is not localized, but rather ran
domizes over the molecule as a whole. It 
is true that the first photon goes into a 
precise molecule motion, but this is 
less true of the second photon, and so 
on. Therefore it is unlikely to be true of 
the thirty-first photon. Professor 
Farneth said this means the fondest 
hope of infrared photochemistry, the 
site-specific activation of molecules, 
probably cannot be realized by the cur
rent generation of lasers. He said that, 
in his opinion, this doesn't mean the 
work must be forever abandoned, but 
that, with the technology now available, 
it is probably impossible. However, the 
right technology may not be "too far 
down the road," he added. 

Fa.rneth said he thinks one fruitful 
area. of investigation is the use of the 
laser in heterogeneous processes -
processes that involve gases and sol ids 
together. (See "N itros yi-Ca rbon yl 
Catalysis," Minnesota. Technolog, Spr
ing II, 1980.) The laser can initiate reac-

INTRODUCING 

E 

tions that involve chemical changes in 
the gas by itself or in the solid by itself, 
or it can cause molecules originally in 
the gas phase to react with molecules 
at the solid surface, which undergo 
chemical changes themselves to new 
gaseous molecules. 

The question arises, can one make 
activation of catalysts more selective 
by photoa.ctivation rather than thermal 
activation? Farneth is studying this 
now, with mixtures that can under
go more than one type of ch-emical 
reaction. 

One example being investigated is 
the reaction of bromine on graphite, in 
which Professor Farneth, in conjunc
tion with Professor John Evans of the 
Department of Chemistry, is looking for 
surface functionalizati6n - that is, 
carbon-bromine bonds on the graphite 
surface. Farneth is also looking for fre
quency dependence and whether or not 
this is related to the graphite surface's 
appearance. 

An important economic stimulus for 
investigating infrared laser photo-

A CALCULATOR .. A SYSTEM .. A WHOLE NEW STANDARD .. 

Our other Hewlett Packard prices: 

chemistry has been the hope that it 
might be used to separate isotopes. The 
idea.: use a molecule mixture of two 
isotopic kinds and an irradiation fre
quency that excites only one of them, 
leading to a selective reaction of that 
isotope; thus, the starting material is 
enriched in the chosen isotope. 

In the ten short years the field has ex
isted, infrared laser photochemistry 
has attracted scientists from a wide 
variety of disciplines: chemistry, 
physics, materials science, electrical 
engineering and optics, to name a few. 
Several groups at the University of Min
nesota are interested in this field; 
Farneth's is only one. Their primary goal 
is to develop a qualitative model for the 
multi-photon absorption process and 
the chemistry that results. 

Fa.rneth uses his organic chemistry 
background from Cornell, Stanford and 
Columbia Universities with the help of 
graduate students Marcus Thomsen, 
Douglas Johnson, Patrick Zimmerman, 
and Mark Davies as well as under
graduate students Mark Berg, Thomas 
Beck, Nancy Schultz and Sidna Tullege. 

HP~41C $259.50 
Calculator retail $295.00 

HP-82104A 88a00 
Plug In Card 
Reader 

retail $215.00 

HP~82143A $335.00 
Thermal Printer retail $385 

HP-82106A $39.00 
Memory Module retail $45.00 

Wand $112.00 
(Easily available 

retail $125.00 

through special 
order) 

HP-32E 
HP·33C 
HP-34C 
HP-37E 
HP·38C 

Retail 
$ 70.00 

120.00 
150.00 

75.00 
150.00 

MSA 
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133.50 

65.29 
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I I 
An Electrical/Electronics Company 

As one of America's largest and most innovative corporatiOnS, 
Gould presents a world of career opportunity for engineers and 
sc1ence graduates. Few companies can rival our diversity and 
company-wide commitment to creative innovations. To give you a 
picture of the broad spectrum of Gould careers, we present aviewof 
our major business groups and a chart showing opportunities 
throughout our corporation 

THIS IS 
OPPORTUNITY 
ElECTRONICS 
We are building on our strong 
market share to boldly position 
ourselves as product innovators in 
electronics .. our fastest grow1ng 
field. We're already at the forefront 
of industry leadership in such 
areas as programmable con
trollers, logic analyzers and ultra

thin electrolytic copper foil. We are strongly committed to A & D in 
instrumentation, printed circuit matenals and improved products. Gould 
is also recognized as a leader 1n such national defense areas as anti
submarine warfare sensors and weapons, trainers and flight simulators 

THIS IS OPPORTUNITY 
ELECTRICAL 
Throughout our Electrical 
Group the focus is on 
product development to 
meet the demands of the 
increasing dependence on 
electricity in the world 
economy. Technical innova
tions and leadership are 
again the keys. You find 
innovation at work in our 
energy saving E -plus '"line of 
electrical motors that are 
20% more efficient than conventional motors ... in circuit breakers 
and combination motor starters that are bringing new life to an old 
industry. We are making investments now ... in both capital and 
career opportunities ... to create and improve products for the 
electrical power distribution channel. 

THIS IS OPPORTUNITY 
BATTERY 
Behind the b1g success 
stories of our Battery 
Group is a continuing 
record of creativity 
The breakthroughs 
have been revolution
ary. Gould introduced 
the first completely 
sealed maintenance 
free battery.. now a 
cornerstone of the 
automotive market. 
Gould developed the 
zinc-air battery - now 
finding many uses in 

miniaturized circuitry. And our developmental batteries for 
electrical vehicles are bringing the experimental vehicle closer to 
reality 

THIS IS 
OPPORTUNITY 
INDUSTRIAL 
The strength of this group lies in its 
technical leadership in the automotive 
and fluid power markets. Last year 
alone, we pioneered products that 
included new valve and bearing lines. 
Our prominence in metallurgical 
technology and sophisticated metal manufacturing technology has led 
to many products and process breakthroughs. In fluid power we led the 
industry in pneumatic and hydraulic actuators, valves and related 
systems. This group has launched a major facility expansion program to 
meet the exciting challenges of the '80's. 

THIS IS 
OPPORTUNITY 

RESEARCH AND 
DEVELOPMENT 

Our commitment to A & D IS 
lasting and deep Gould 
researchers develop new 
products at each of the 27 d1vis1on 
development centers and at lour 
corporate A & D laboratories. The 
emphasis of the research is on 

integrating technological breakthroughs mto new and improved 
product and process applications Examples of th1s work now 1n 
progress include the nickel-zinc battery for the all electric car, and a 
rubber recycling process developed by Gould that is now being 
commercialized. Both are groundbreakmg projects; both are beyond 
the scope of most companies. Yet they are typical of the ambitious work 
that the Gould A & D Group undertakes 

Now that you've had a look at our major operating groups, take a 
look at the chart below to see the many career opportunities that 
each group offers Throughout the groups you'll find our 
Development Program that helps you find and develop the career 
that best suits your talents and interests 

ME GOULD 
On campus interviews will be held on Nov 20th 

Arrange your interviews by contacting your placement office If you 
cannot meet w1th us on campus send us a letter and/or resume 
outlining your academic background and your career interests to 
Manager, Technical Development Program, Dept. 1253-0, Gould 
Inc., 10 Gould Center, Rolling Meadows, IL 60008. An Equal 
Opportunity Employer M/F/H. 

An Electrical/Electronics Company 



by John Bartelt 

The Barbie Murders by John Varley (NY: 
Berkley Books, 1980), 260 pp., $2.25. 

John Varley is one of the bright young 
stars of science fiction today. His first 
published story appeared only a little 
over six years ago. Last year his novel
ette, "The Persistence of Vision," cap
tured both the Hugo and Nebula 
awards. This year his novel Titan was 
up for both awards, though it won 
neither. And the second novel in the 
Titan trilogy, Wizard, is selling well. 
Thus it's not surprising that another an
thology of his shorter works has been 
released. Of course, many of his best 
stories appeared in a previous collec
tion, also called The Persistence of 
Vision. But there are still a number of 
gems in this book. 

Six of the nine stories are part of Var
ley's Eight Worlds series, the same set
ting used for his first novel, The 
Ophiuchi Hotline. The Eight Worlds 
stories are set in a future where the 
Moon and some of the planets and their 
moons have been settled. Sometime af
ter the colonization of the Moon, the 
Earth was invaded by creatures from 
another star system who inhabit a pla
net like Jupiter (Jupiter it is revealed, 
harbors a similar race.) These vastly 
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superior creatures came to save the 
intelligent beings of Earth: dolphins, 
sperm whales and orcas. To do this, hu
man civilization was wiped from the 
face of the Earth. 

Varley is a feminist, and his stories 
reflect this: they often feature a strong 
female protagonist, and the society of 
the Eight Worlds is totally non-sexist. 

Among the Eight Worlds stories in 
this book, there's "The Funhouse Ef· 
feet" (the title refers to looking at dis
torted reflections, and perhaps to trying 
to scare yourself). "Lollipop and the Tar 
Baby" deals with a sort of sibling rival
ry-between a clone and her mother. 
There is also a murdering villain: a talk· 
ing black hole. And "Equinoctial," 
which is set in Saturn's rings. The pro
tagonists are symbiotes, one human, 
the other an intelligent plant. They live 
in orbit around Saturn, feeding off 
sunlight without any mechanical con
trivance. The background involves a 
sort of religious war, but the real plot 
deals with a search of the rings to 
avenge the loss of a previous "symb" 
(plant) and five children. 

"Beatnik Bayou," "Good-bye, Robin
son Crusoe," and "Picnic on Nearside" 
all deal with the theme of growing up. 
"Picnic" was Varley's first publication, 
and it's a memorable story. It is set on 
the Moon, about a hundred years after 
the invasion-one of the earliest stor
ies in the chronology. Almost no one 
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visits "Nearside," the side of the Moon. 
facing Earth, until a couple of adventur
ous adolescents go there on a picnic. 
One is male; the other, his pal, has just 
changed to female. On Nearside they 
meet an old hermit who didn't join the 
migration to Farsi de because he object
ed to the current mores. Things don't go 
as planned, but both of the young peo
ple grow up a little. "Beatnik Bayou," 
one of Varley's most recent stories, 
takes another look at growing, learning, 
and becoming an adult. But in "Good
bye, Robinson Crusoe," the protagonist 
isn't as young as he looks. The story al
so hints at an interesting bit of inter
planetary economics: the finite speed 
of light. (Because it takes information 
that much longer to reach Pluto, Pluto is 
at a disadvantage in the marketplace.) 

The stories of the Eight Worlds show 
incredible imagination: people who buy 
a change of sex as easily as we buy a 
change of clothes; new forms of enter
tainment and art; new forms of life and 
new ways of living. And, just as many of 
the individual stories look at an individ
ual growing up, the collective stories, 
together with the The Ophiuchi Hotline, 
look at the human race growing up: past 
its childhood on Earth, through it.s 
adolescence in the Solar System, pre
paring for adulthood. 
Another story in the collection, "Mani

kins" (which isn't part of any series), is 
long on idea and short on plot. It offers 
an alternative theory of biology. 



The title story, "The Barbie Murders," 
is part of what so far is a small series 
of which the only other story published 
thus far is "Bagatelle." "Bagatelle" 
(which is also in this collection) 
introduces the character of Anna 
Louise Bach. She is the police chief of 
New Dresden, a city on the Moon. The 
Moon in these stories is a grimier, more 
crowded, more "primitive" place than 
that of the Eight Worlds series. The 
story involves defusing a terrorist 
bomb-an atomic bomb-with a 
human brain. "The Barbie Murders" 
centers on an investigation of a murder 
in a colony of people who have all been 
surgically altered to look alike (just as 
Barbie dolls all look alike). 

Varley explained in an interview, 
"Bach deals with all the nasty 
problems I come up with. The 
really lousy, shittythings ... she's 
a very unfortunate person. She's 
living on the Moon, which is be
coming as bad as the Earth was. 
Things that were happening on 
the Earth are beginning to come 
to the Moon, too. So they're fair-
ly new to her. Like the atom 
bomb in "Bagatelle," which is 
routine on Earth at that time .. .! 
was seeing the bomb itself as a 
bagatelle; something not very 
important in its time and place. 
I was thinking of how so many 
people are dreading the advent 
of the private enterprise nuclear 
device, and so I set the story on 
the Moon, where no such bomb 
had yet been detonated. But I 
tried to contrast this with the 
situation on Earth, where many 
bombs had been exploded with 
great loss of life, and yet things 
were still going along pretty 
much as usual. It was my feeling 
that even this can be assimilat-
ed into the routine of urban tech
nological horror. We are ap
palled just as we are at a ter
rorist kidnapping or a mugging 
or a rape, but it is commonplace, 
all the same." 

So, in effect, Varley offers you a 
choice of futures: humanity can con
tinue as it has, and take its blight and 
horror with it into space; or it can ma
ture, find a comfortable home in the so
lar system, and perhaps get ready for 
something bigger. 

Editor's note: John Bartelt has taken 
over "Ad Astra" for the rest of the year; 
Bruce Kvam needed a break. 
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A ENTI N SCIENCE 
AND E Gl RIN 

AJ RS! 
A newly assigned scientific or engineering Air Force officer is frequently given a position as a pro

ject engineer or scientist and manager, with full responsibility for the performance, cost, and schedul
ing of research and development projects in a wide variety of disciplines. The Air Force engineer and 
scientist apply the analytical tools of the trade and sound judgments to influence technical decisions 
which shape the future of the Air Force. And these men and women gain the technical and management 
expertise to qualify for more responsible jobs ... either in the Air Force as career officers or in industry 
or government. 

Scientific/Engineering Scholarships: Air Force ROTC offers four-, three-, and two-year scholar
ships to qualified men and women who are majoring in selected scientific and engineering career 
fields. Each scholarship provides: 

® Full tuition 
® Textbook reimbursement 
e $100 a month allowance (tax-free) during the school year 

If you are interested in applying for this opportunity please call (612) 373-2205, or write to: 
Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 



ews------------------
A report-Strategy for the Exploration of Primitive 

Solar-System Bodies-Asteroids, Comets, and Meteoroids: 
1980-1990-specifies scientific questions to be pursued 
and calls for exploration and study of the solar system's 
heavenly bodies. The report is available from the National 
Research Council of Washington, D.C. 

It recommends that a primary goal in the study of 
asteroids, comets and interplanetary dust in the next 
decade be "to determine their composition and structure 
and to deduce their history in order to increase our 
knowledge of the chemical and isotopic composition and 
physical state of the primitive solar nebula and to further 
our understanding of the condensation, accretion, and 
evolutionary processes that occurred in various parts of the 
solar system before and during planet formation." 

A new ceramic core material, Koralox, has been devel
oped by General Electric to cast hollow, intricately shaped 
jet engine opponents from oriented eutectic superalloys, 
among the most heat-resistant alloys known to man. 

Koralox was developed to form complex cooling air 
passageways within the body of jet engine turbine blades 
cast from the superalloys. Until now, ceramics couldn't be 
used to core-form castings because the ceramic couldn't be 
extracted (chemically impervious) or caused castings to 
crack internally as the alloy cooled (high density and lack of 
"give"). 

GE's process solves both these problems by selective 
densification. Koralox cores are produced by injection
molding a blend of powdered alumnia and a fugitive filler 
held together with a wax binder. The result is then fired in a 
controlled-atmosphere high-temperature furnace. 

The American Association of Engineering Societies, 
representing nearly one million engineers in 42 professional 
organization9, has called on President Carter to create a 
nat~onal engineering foundation to help reindustrialize 
America. The Foundation could be a counterpart to the 
National Science Foundation. 

"Emphasizing engineering could correct the im
balance between massive funding for scientific research 
and comparatively miniscule funding for converting 
that research into practical uses," said AAES Chairman 
Kenneth A. Roe. 

Chemical Engineering reports that engineers are con
cerned with ethics in their jobs, but they say that a better 
code of ethics is needed, and improved ethics education 
and more corporate involvement in solving the ethical 
problems of engineers. 
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The findings, based on an "ethics survey" of "engin
eers worldwide," also reported the engineers' opinion of 
which other professions they considered the most 
ethical-chemists and the clergy. 

The federal government's scrutiny of parts of northern 
Minnesota, Wisconsin and Michigan as possible granite· 
based nuclear waste storage sites does not mean the sites 
will necessarily be chosen, according to two IT researchers. 

Lake Superior area nuclear storage possibilities are 
not _the only ones being studied, said William Seyfried, 
ass1stant professor of geology. Other areas of basalt rock, 
sea-floor sediments, salt layers and volcanic sediment are 
also being investigated, he said. 

Adequate disposal sites must meet several criteria, 
Seyfried said. They must be relatively impermeable, with no 
fault lines or other evidence of seismic activity, they must be 
near little or no moving water, and they must be able to 
tolerate the heat emitted by decaying radioactive material. 

Other likely areas are sites far from population centers, 
including the remote sea-floor area now under study by 
Seyfried about 1,000 miles north-northeast of Hawaii. 

Under 5,000 meters of water and 30 meters of ocean 
sediment, the site has been "incredibly quiescent" for 70 
million years, he said. Core samples indicate that the 70 
meters of sediment lying over hard oceanic crust have not 
been disturbed in that time by any seismic activity or by 
ocean currents. No edible fish or mineable minerals lie in 
the red clay-like muck, Seyfried said. 

In his analysis of the site, Seyfried has discovered that 
even if a meteorite or damaged submarine were to penetrate 
the precise storage area and crack a canister of nuclear 
materials, the sediment would absorb most of the radioac
tivity. 

Methods of processing the wastes before they are 
buried are also being researched now, Seyfried said, and 
those most favored so far are heating the wastes with a 
silicate mixture and then freezing them into a glass-like 
substance which would be enclosed in a titanium canister; 
converting the wastes into a synthetic rock-like titanite; or 
storing them in ceramic casings. 

Stored wastes will likely be dug up at some point in the 
future when "we'll have learned how to use the materials" 
said Barry Brady, professor in the Department of Civil a~d 
Mineral Engineering. 

Brady is studying other storage possibilities such as 
layering the wastes in underground salt formations in the 
Southwest and elsewhere, or burying them in the basalt of 
the far Northwest. Evidence shows that underground 
storage can be quite secure, Brady said, adding that all of 
the unmined radioactive uranium is still safely in place. He 
stressed that engineers are confident of an eventual solu
tion to the nuclear waste problem. 
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Innovation is the quality 
we prize over all others at 
Intel. We should. Our company 
is built on it. 

Twice during the last 
decade our innovations revolu
tionized the world of micro
electronics-flrst with semicon
ductor memory. then with the 
computer-on-a-chip. Our inno
vations resulted in twelve 
products that are now industry 
standards. and seven major 
semiconductor fabrication 
processes. 

Innovation is what 
prompted BUSINESS WEEK 
to call Intel "the premier tech
nology-based growth company 
of the 1970's'.' And FORTUNE 
to include Intel's computer-on
a-chip as one of "the ten most 
impressive American business 
triumphs in a (umultuous 
decade'.' And FORBES to 
write. "When Intel speaks. 
everrone listens:· 

The performance of In tel 

during the 1970's. awesome as 
it was. will he far surpassed by 
the innovations of the 1980's. 
We plan to lead another revo
lution in microelectronics--a 
revolution that will involve not 
only putting a computer on a 
chip. but actually embedding 
the operating system. The com
puter-with-sojiware on a chip! 

The opportunities are 
nothing short of dazzling. And 
obviously. the quality we want 
in people joining us now is the 
same one that propelled us 
from ground zero just twelve 
years ago into the pre-eminent 
position we enjoy today. 

We have a great deal to 
offer you. 

If you join us. you'll 
work on a small project
oriented team. We'll give you 
responsibility -and expect you 
to contribute---right from the 
start. Working on a small team 
means that you'll get exposure: 
vour work will he visible. 

tl t l. 

You'll also have access to 
information. All you need to 
make effective decisions. Com
Ill unications here are open due 
to our unique matrix manage
ment organization where 
planning responsibilities are 
shared among various groups 
in speciali1ed fields. 

You'll be rewarded on 
performance. not seniority. 
Consider how important this 
can he to you. a college 
graduate. 

We can offer you a vari
ety of career opportunities in 
all disciplines of engineering. 
technical marketing and sales. 
production management. pro
duction planning. and finance. 

And you can have your 
choice of t(ve locations ~here 
the quality of life is high: 
California's San Francisco Pen
insula: Portland. Oregon: 
Phoenix. Arizona: Albu
querque. New Mexico: and 
Austin. Texas. 

If you are innovative. 
and if you are about to receive 
a technical degree in electricaL 
chemical, or industrial engi
neering. computer science. 
solid state physics. materials 
science. or business; or if 
you're about to receive a non
technical degree in business. 
tinance, accounting. and other 
related fields. we'd like to talk 
with you. 

Send your resume now 
to Intel Corporation at the 
location of your preference. 

California: Intel College 
Relations, 3065 Bowers Avenue. 
Santa Clara. C A 95051 

Oregon: Intel College 
Relations. 5200 N.E. Elam 
Young Parkway. Hillsboro. 
OR 97123 

Arizona/Texas/New 
Mexico: Intel College Rela
tions. 6401 W. Williams Field 
Road. Chandler. AZ 85224. 

An equal opportunity 
employer m/f/h. 



• 
An editorial opinion 

by Peter Dille 
By means of simplification and 

unification of the technical sciences, 
the Institute is expected to promote 
cooperation in the outlining of 
teaching programs, the fostering of 
research and graduate work in 
related fields, and closer connection 
of the schools to industry. 
-Minnesota Daily, October 22, 
1935, on the newly-formed 
Institute of Technology 

The Institute of Technology was 
founded on the aspiration of inciting 
academic and personal growth by pro
moting cooperation and assistance be
tween individuals of related disciplines. 
This cooperation and assistance is a 
function of an individual's interaction 
with and awareness of others. 

A first step in creating a spirit of 
awareness was the initiation of the IT 
yearbook. The credit for this goes to 
Roger Staehle, our new dean. It answers 
the questions of who we are and what 
we do. Through it, we can look at 
ourselves: professors, administrators, 
staff and students. We are the Institute 
of Technology, its community, its soul 
and mind. Our twelve departments have 
established a tradition of academic ex
cellence. We have a very professional 
attitude towards our studies. 

Despite this, we aren't now fully con
scious of our immediate surroundings. 
Students do not seem aware of what's 
currently happening in their chosen 
field. Worse yet, students seem unac
quainted with their peers and their 
faculty outside of the context of class .. 
This does not have to be! Each of us has 
a wealth of experience we can share 
with others and others with us. We 
would be richer and happier if we did. 

The Institute of Technology could use 
a weekly paper. We need a media that 
will inform us of coming events, provide 
recognition for accomplishments, ex
press our opinions and IT news. 

The Institute of Technology should 
schedule its classes so there would be 
no class for one or two afternoons a 

Peter Dille, an IT yearbook staffer last year, ad
vocates an awareness among us of an "IT com
munity" (part of IT's original purpose) and 
proposes specific actions we can take now to 
develop it. 
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week. This time could be used to par
ticipate in IT events. It would promote 
interaction between faculty and 
students in contexts other than those of 
the classroom. 

These two proposals would permit all 
of IT to be addressed either in writing or 
in public address. I invite the Regents, 
the President of the University, the 
Dean of IT and anyone feeling left out to 
reflect on some experience, share a lit
tle wisdom and tell us who you are. It 
can be as easy as writing a letter to 
Technolog or the Daily and having it 
printed. 

Let me reemphasize, we need to be 
addressed as the Institute of Techno
logy from time to time. Today, a class is 
gathered as a group perhaps only twice: 
freshman orientation, and graduation. 
This is a gap of at least four years. 
I believe we are missing moments 
that need to be experienced together, 
moments such as: Bob Hope, pep 
talks, welcoming speeches and IT 
celebrations. 

The Institute of Technology should 
have more than one day (E-Day) to 
celebrate. We have E-week in the 
Spring; perhaps we could have a 
celebration in the fall to commemorate 
the founding of IT on October 17. 

We have to be vigorously interested 
in improving the quality of education 
and. student life at IT, as is Dean 
Staehle. We need to dedicate ourselves 
to finding ways to interact and inform 
each other so that our individual and 
collective potential might be more fully 
realized. 



u 
rse 

I 
m 

t all 
i 

n i 
si 

As one of the nation's leading recruiters of entry~level engineers, 
Schlumberger wants you to be aware of the alternative career 
opportunities awaiting you after graduation. Not all engineers sit 
behind a desk ... 
our engineers take command outdoors. 

eers 

After an initial 6-month training program, you will have mastered the 
art of interpreting complex well logging data. You'll be an engineering 
consultant, troubleshooter and supervisor, working a continuous 
schedule of 9 days on call, then 3 days off. 

To be considered, you must have a 4-year degree in ME, EE, PetE, 
Physics, or Geophysics. You must be capable of working long hours at 
remote oil and gas well sites. Your interpersonal skills must qualify you to 
be an assertive team leader as well as a diplomatic client consultant. 

Your benefit package will include 21 days vacation, a company car, 
expense account and monthly bonuses. 

At Schlumberger, we promote totally from within. We only hire those 
individuals who show us the potential to move up. If autonomy, self
reliance and decision~making are your strengths, you might find 
yourself at Schlumberger too. 

Openings throughout the Western Unit States 
4-year degree required! 

Please call collect: ( 3) 534 .. 7500 
or write: 

Schlumberger Well Services 
Attn: Personnel Recruiting 
Suite 1700, 410 17th Street 

Denver, Colorado 80202 



Technology has several hurdles to leap in the decades to 
come if it is to prosper. Renee Valois, a mechanical 
engineering T.A., discusses some of the issues being 
studied by Dr. J. Edward Anderson of the Department of 
Mechanical Engineering. 

by Renee Valois 

Scientists have been threatened, and worse, for their 
beliefs. In 1614, for instance, Tommaso Caccini attacked 
Galileo, Copernicus, and all scientists of "their type," call
ing them a danger to the Church and the State. But as the 
Renaissance matured, so did respect for science, 
technology, and the men who created it. 

From the industrial revolution to the post WWII period 
there was an almost universal confidence in technology. 
Technology has become a part of the "American Dream." It 
gave our country automobiles, washing machines, and 
televisions, and promised to eradicate disease, perhaps war 
itself. But something went wrong. Utopia did not arrive, and 
now many people think it never will. 

In the 1960s a backlash against technology developed 
which has continued in a less frenzied form to this day. 
Nuclear power opposition, fears of pollution and genetic 
manipulations, and in Minnesota, opposition to high-power 
electric lines, are just some of the signs of the public's 
change in attitude toward technology. A recent study by 
Yankelovich, Skelly, and White shows that only 52 percent 
of the public today believe that technology will find a way of 
solving the problems of shortages and natural resources. 
But the level of confidence among college students is an 
even lower 29 percent.1 

These changing attitudes have been caused largely by 
the changing world situation, partially caused by technoogy 
yet forcing technology to change directions, too. Willis Har
mon has identified four major dilemmas which must be fac
ed if man is to survive on this planet. These are the dilemmas 
of Growth, Control, Employment, and Distribution.2

• 
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The Growth Dilemma 
Growth--- the continually increasing consumption of 

non-renewable resources--- is currently necessary to keep 
the economy healthy. The American economic system is 
based on the idea that growth will continue. But if this 
growth does continue, our standard of living may ironically 
go down, not up. 

Continued growth implies increasing pollution, as well 
as rapid depletion of important resources. In the past few 
years people have finally realized that oil, clean water, and 
many natural resources will not last forever. We are entering 

'an age of resource scarcity perhaps more frightening than 
most people comprehend. 

The Global 2000 Report to the President, prepared by 
the Council on Environmental Quality and the Department 
of State, predicts what probable changes there will be in the 
world's population, natural resources, and environment 
through the end of the century. This report, which just 
recently appeared, was intended to serve as a foundation 
for long-range planning. The conclusions it reaches are 
alarming, and the study has been appropriately dubbed 
"The Doomsday Report." 

The study predicts a population of 6.35 billion by the 
year 2000, with ninety percent of the growth occurring in the 
poorest countries - - - those least able to sustain such 
growth. Arable land will increase by only four percent, while 
real food prices are expected to double. Most of the 
technologies necessary to increase crop yields--- fertilizer, 
pesticides, irrigation power, and fuel for machinery--- re
quire oil, which is becoming scarce. Regional water sup
plies will decrease, and in Minnesota the per capita water 
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availability is projected to decrease to a point that the report 
declares "low." 3 Significant losses of world forests and 
deterioration of agricultural soils are projected worldwide. 
Extinctions of plant and animal species will increase, 
especially in the dwindling tropical forests. These are only 
some of the potential problems we face. What is even more 
disturbing is that U.S. government projections may actually 
be more optimistic than the impending reality. 

Over the last few centuries scientists and techno
logists have seemingly been able to push back the limits to 
population and economic growth through continuing tech
nological advances. Hence some people expect technology 
to continue raising the physical limits to growth.4 As recent
ly as 1967 Buckminster Fuller stated: 

Humanity's mastery of vast, inanimate, inexhaustible 
energy sources and the accelerated doing-more-with-less 
of sea, air, and space technology has proven Malthus to be 
wrong. Comprehensive physical and economic success for 
humanity may now be accomplished in one-fourth of a 
century. 5 

It is interesting to compare Mr. Fuller's projections for 
the future with those of the Global 2000 Report. The future 
has changed immensely in the last few years! Although 48 
percent of the public believes our resource shortages will be 
solved by technology, this may happen only if technology 
focuses a great deal of research in the appropriate areas. As 
shortages increase, economic and public pressures will 
probably insure that this happens. 

The Control Dilemma 
Most people believe that the directions technology pur

sues must be controlled. The dilemma arises when one tries 
to decide how much control is appropriate. Too much con
trol may result in technological stagnation. Too little may 
lead to a world without individual freedom, similar to the fic
tional world of 1984. 

Technology is no longer a field "above" the common 
person; it is responsible to him. Pollution control and safety 
standards laws have been passed, from the early Pure Food 
and Drug Act (1906) to the more recent Toxic Substances 
Control Act (1976). Although many people see these 
restraints as good, some engineers argue that they are 
necessary and needlessly confining. 

Roy Rothwell claims that regulation "helps to create an 
overall climate for industry that is generally unfavorable to 
technological risk taking" and that 

"U.S. industry feels that society at large, and the 
legislature in particular, is becoming increasingly hostile 
to its operations and that this hostility manifests itself 
through an ever-increasing volume of regulations of in
creasing severity. " 6 

The government's top-heavy bureaucracy has provided 
many engineers with "bureaucratic horror stories." Con-
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gressmen often pressure bureaus to fund "pet" projects of 
powerful friends, rather than more sound technologies. 

Saint Paul's Downtown People Mover is a good exam
ple of the federal bureaucracy at work. The government has 
been pushing Saint Paul to install a wide-track transporta
tion system because several large, powerful companies 
have developed such a system. But wide~ track systems are 
much more expensive to build per foot than alternative 
narrow-track systems. Plus, in the winter they require 
heating, or some other expensive means of removing snow 
from the track before the transportation can be used, 
whereas narrow-track systems do not. 

The federal government takes our money through 
taxes, filters it through a bureaucracy (wasting much of it), 
and then tells us what kind of transportation system we 
must build, if we want some of our money back! 

The Urban Mass Transit Administration does not seem 
to realize that cities differ. When the Downtown People 
Mover was proposed, the government had not even thought 
of the problem that snow would pose to the transportation 
system. Unfortunately, the bureaucracy supports ideas that 
would never survive in the free market system. 

New theories have put forth the idea that an overgrown 
bureaucracy is what causes the demise of a civilization. If 
so we may be in trouble. 

The Employment Dilemma 
Dr. Anderson has stated the employment dilemma 

perfectly: 

If industrial societies try to grow rapidly enough to keep 
employment levels high, they experience inflation in the 
short run and resource and environmental limits in the 
long run; if they attempt to keep inflation down and pay 
attention to physical limits, unemployment increases. 7 

The necessity of keeping people employed is seen as a 
more powerful argument for developing many technologies 
than the actual need for technology. When the B-1 bomber 
was scrapped, more anger was generated over the lost jobs 
than over the loss of the bomber itself.8 

The importance of employment to politicians can be 
seen in the Reserve Mining case in Silver Bay. The company 
was allowed to continue dumping cancer-causing taconite 
tailings into Lake Superior because the alternative was loss 
of employment for many residents. Lost wages are now 
seen as more important than probable death from pollution 
later. 9 

Computers and robots could free people from the need 
to work. But instead of welcoming these techologies, many 
people fear them. They want their jobs, because money has 
always been distributed through work. 

The Distribution Dilemma 
Most Third World countries are painfully aware of the 
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fact that, although the United States contains only 6 percent 
of the world's population, it consumes one-third of the 
world's resources. The poorest countries feel they should 
have a bigger share of the world's wealth, but the richer 
countries do not wish to give away what they produce. 

About half of the world's scientific and technical 
resources are used for military and prestige developments 
and less than 2 percent of the world's research and 
development effort is devoted to the urgent agricultural, 
environmental and Industrial problems of the developing 
countries.10 This is a dangerous situation. 

Some of the rising Third World tensions may be eased 
by the increasing number of jobs available as multinational 
corporations relocate to poor countries where labor costs 
are cheaper. Although this movement deprives workers in 
developed countries of jobs, it may help deter worse 
problems.11 

The Solutions of Technology 
While some people think that technology is leading 

humanity to disaster, most people would agree with Alvin 
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Toffler, who said in Future Shock: 

To turn back on technology would be not only stupid, but 
immoral ... [It would] condemn billions to enforced and 
permanent misery at precisely the moment in history when 
their liberation is becoming possible. We clearly need not 
less, but more technologyY 

But assuming we do need more technology, the ques~ 
tion arises: what kind of technology do we need more of? 
Warren Johnson, in Muddling Toward Frugality, strongly 
backs the Idea of the decentralized bureaucracy. He 
believes that a "soft energy" economy, in which conserva
tion is stressed and renewable energy sources are tapped, 
is the best. He is even certain that this type of world would 
be better than our present one. People would be in charge of 
their own lives; stronger family neighborhood relationships 
would result. 

People are already ahead of the government in many 
areas: they take conservation measures and develop alter-
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native fuel sources (wood stoves, solar heaters) on their 
own. Since decentralized control removes much of the 
cumbersome red tape of the bureaucracy, technological 
changes within such a system could occur faster. Also, a 
decentralized government could make more knowledgeable 
decisions about what technologies are appropriate to 
develop or utilize in its region. 

The safest and perhaps the best solutions to the 
modern dilemma include conservation and renewable 
energy technologies. Good underground- and solar housing 
designs are capable of reducing energy needs to those be
tween ten and twenty percent of standard above ground 
dwellings. 

Personal rapid transit systems (PAT) are being devel
oped at a fraction of the cost of conventional urban 
transportation systems, and yet provide better service. PRT 
is cheaper partially because it uses automation instead of 
expensive human drivers. In the best systems, one of three 
passengers traveling to the same destination pay their fare 
and are immediately taken to their destination in small 
"car" running on a narrow track. One such PRT system, be
ing enthusiastically developed by the German Ministry of 
Research and Technology, is the Cabintaxi.13 The Urban 
Mass Transit Administration of the United States, however, 
is more interested in preserving the faltering bus com
panies, uneconomical as they may be, than in developing 
new and better technologies such as PAT. Bureaucracy can 
provide barriers to innovation. 

The future of technology rests, then, not only in the 
hands of the engineer but in the hands of the politician and 
the man-on-the-street as well. This has both good and bad 
implications. As long as frultful communication exists be
tween the scientist and the layman, there is hope for the 
future. In understanding problems we begin to solve them. 
The engineer who does not lose sight of the larger world in 
which he works may be able to change that world and its 
future. 
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by Kevin Gaukel 

Now every engineer knows that 

1 + 1 = 2. 

However, this equation can be clarified as follows: 

In e ± (sin 2 t ± cos2 t) = 2(cosh 2 t -sinh2 t) 

where cosh t = et ± e·t, and sinh t =~. 
2 2 

Now considering sin t = eit - e -jt = -jsinh jt 
2j 

and cos t = ejt ± e·jt = coshjt (where j = {-1), 
2 

then sin 2 t ± cos 2 t = cosh 2jt -sinh 2jt, 
X 

and furthermore In x = f ~ • 
j1 X 

Therefore In e = ( e ..91 
J 1 t 

Now we define a voltage Vmax' and Vrms = Vmax 

{2 
and a current lmax, and lrms = lmax. 

{2 

herefore the final, fully clarified expression is: 

J e ..9l ± (cosh2jt- sinh2 jt) =(Vmax\
2

cos2jt +(lmax_\
2
sin2jt. 

1 t Vrms 7 lrmsJ 
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What you're looking at is a turntable that measures 
146 feet in diameter- a turntable programmed by 
computer to track the sun's azimuth while concen
trators track the sun's elevation·. Nine ofthese tum
tables are being designed to'po~er ·marine-mammal 
life-support systems at Sea World in Florida. 

The photovoltaic concentrator system uses 
high-intensity silicon solar cells to convert sunlight 

SOlAR CELL RECEIVER ASSEMBLY in tO electriC power 
and is under study by 
General Electric for 

~.;.__:_:.: __ C-o~~- the U.S. Department 
>-:: · of Energy. Parabolic 

/ .·.< <ilkonCell troughs On each 
, ·~Coppenubi~g carrving turntable are formed 

waterabsorbmg heat from cells of aluminum sheets 

s 

s 

shark exhibit. The generation of electricity and 
simultaneous ability to air-condition makes the GE 
system unique. 

Our Sea World application is a test project. It 
will include researching ways to reduce costs to 
make photovoltaic systems practical for commercial 
or industrial-scale use. 

Looking for new and practical energy 
sources is just one example of research in progress at 
GE. We're constantly investigating new technologies, 
materials and innovative applications for existing 
technologies - in such areas as medical systems, 
transportation, engineered materials. 

This takes talent- engineering talent- not 
just in research and development, but in design and 
manufacturing, application and sales. 

1So
0 

Water d b flee 
to absorption chiller covere y a re - .-----------------------, 
for air conditionmg tive film laminate. 

.\·•·'·.;:~~~ 

Concentrator They are angled to 
concentrate energy 

on a focal line of solar cells. DC power generated by 
the photovoltaic cells will be converted to AC power 
providing up to 300 kw of peak electricity-enough 
power to service about 40 average homes. 

Water circulated through copper coolant 
piping in the solar cell assembly and carried to ab
sorption chillers would be used to air-condition a 

If you'd like to know more about engineering 
opportunities at GE, send for our careers booK
let: General Electric, College Communications, 
Will2, Fairfield, CT o6431. 

Progress for People 

GENERAL ELECTRIC 
An Equal Opportunity Employer 
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Who is the "more qualified candidate"? 
More and more, engineering jobs are going to the graduates with proven 

communication skills on top of their degree. Because whether you're in 
research, design, or consulting, you'll only get ahead if you can express 
yourself and your ideas. 

Give them hands-on proof that you can. Write for Minnesota Technolog. 
Or shoot photos. Or illustrate. Or design layout. Your work is right there in 
print for the recruiter to examine at his leisure, to remind him of your other 
qualifications. It could get you the job. 

Working for Technolog is easier than you think. And it'll keep you in beer 
money. Stop in and ask. 

minnesota,-~--.......... 
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T E P-41 

HP-41C 
Calculator 

HP-82104A 
Plug In Card 
Reader 

HP-82143A 
Thermal Printer 

HP .. 82106A 
Memory Module 

Wand 
(Easily available 

A CALCULATOR .. A SYSTEM .. A WHOLE NEW STANDARD. through special 
order) 

Our other Hewlett Packard prices: 

HP-32E 
HP·33C 
HP-34C 
HP·37E 
HP·38C 

Retail 
$ 70.00 
120.00 
150.00 
75.00 

150.00 

Ground 
Floor 

Coffman 

MSA Open M·F 8·1, Saturday 11·4 
$ 61.00 

99.50 H P has notified us of some price drops 
133.50 effective 1/1/81. Because of these 
65.29 drops, some of the above prices may 

129.57 be lower. 
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$259.50 
retail $295.00 

$188.00 
retail $215.00 

$335.00 
retail $385 

$39.00 
retail $45.00 

$112.00 
retail $125.00 

3 CONVENIENT CAMPUS LOCATIONS 
MAIN OFFICE: 1801 Riverside Avenue 
South 341-3505 

FAIRVIEW /ST. MARY'S OFFICE: 
606 24th Ave. S. 341-2194 

DINKYTOWN OFFICE In The Chateau: 
42513th Avenue S.E. 379-1286 
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I should have know better than to think we'd put out an issue without a major 
production hassle. Due to problems beyond our control, this issue will contain 
none of our regular features. (Ole Knutson's out for repairs or something, 
anyway.) 

I should also have known better than to think IT would run out of major issues 
to discuss with you. Case in point... 

The Minnesota Technolog Board of Publication has recently been participating 
in a series of meetings with Deans Staehle and Steuben, often in conjunction 
with the IT Student Board and other student leaders. The results: several con
crete resolutions which will benefit IT and its students. ITSB can keep you up
dated on developments; but what will affect you most directly as a Technolog 
reader is the Technolog Board's proposal, now encouraged by the administration, 
to make itself the IT Board of Publications. A soon-to-be-revised constitution will 
be submitted for ratification by the IT student body this spring. 

The IT Board of Publications will be IT's counterpart to the University Board of 
Publications which oversees the publication of the Minnesota Daily, Enclitic, and 
other periodicals. The IT Board of Publications will oversee the publication of, at 
least for now, the IT Yearbook, the IT Student Newsletter, and Minnesota 
Technolog. 

This is an important over the past, since office space, graphics supplies, 
equipment use and staff know-how can now be pooled and tapped most efficient
ly, since authority will now be consolidated under one governing body of which 
the majority of members are IT students. (The Yearbook has in the past been 
largely supported and supervised by IT administration, and the Newsletter is now 
being distributed only to IT student organization presidents instead of all 
students.) Consolidated under one governing body, grants and fees will be more 
attainable, full accountability to IT students will be assured, and student input 
will be simplified. Facts are, none of the above are currently enough. The change 
will also contribute to building an IT identity, a sense of "IT community" which is 
seen by many to be vital to a full engineering curriculum today-forming ethics, 
not just teaching formulas; exercising our character, not just our calculator 
fingers. 

Technolog editor 
Steve Deyo, when 
asked to submit a 
twenty-five word 
blurb about himself, 
responded with this: 
blurb, blurb, blurb, 
blurb, blurb, blurb, 
blurb, blurb ... 
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ENGINEERS/COMPUTER SCIENCE GRADUATES 

We're McDonnell Douglas-one of the world's 
leaders in fast moving, exciting fields ... n1ilitary 
and commercial aircraft, missiles, spacecraft, elec
tronics, automation and health services. 

And we're looking for people who are looking 
for the opportunity to put what they've learned to 
work--people like you. 

What we offer is a wide variety of advanced 
technical projects and a chance to get involved, 
really involved, in programs on the leading edge of 
technology. 

So, if you're an engineer or computer specialist 
who wants a real job with real responsibility. Sign 

up at your Placement Office for an interview. 
We'll be on campus: 

Tuesday & Wednesday, 
February 17 & 1§, 1981 

Or send your resuxne to: 
A. P. Adelsberger 
Professional Employment 
McDonnell Douglas Corp. 
P.O. Box 516 
St. Louis, l\10 63166 

An Equal Opportunity Employer 



by Dr. Darrell Frohrib 
and David Hoeltzel 

he essential purpose of engineer
ing is to design products and ser

vices of a technical nature for society. 
Design is decision-making--meshing 
the technical disciplines of science 
and mathematics with human factors 
and economics. The process is com
plicated by the problem of defining 
realistic goals, deciding between a 
range of possible strategies of attack, 
refining one's course of action, and 
communicating activity to others. 

The ability to function in such a set
ting often requires years of involve
ment in the professional world. Con
tinuous practice is needed to refine 
one's approach, adroitly communicate, 
and do so in a company setting where 
the "personality" of the company and 
its design approach must be first ab
sorbed and ultimately influnced. 

The student should be exposed to 
this decision process during his univer
sity training to sensitize him to the 
issues and strategies of design. Cer
tainly, it is unique from homework 
problem solving, to which he is accus
tomed. There, applying the one correct 
procedure to gain the one correct 
answer is close-ended. 

In recent years, u n ivers it i es 
throughout the country have become 
increasingly sensitive to the design 
training of the engineering student. 
Becoming aware of the context in 
which the students' gained skills will 
be used is the first step toward max
imizing his use as a valuable profes
sional. The Department of Mechanical 
Engineering's senior-level Design Pro-

gram is one active outgrowth of this 
concern. It was organized fourteen 
years ago in response to the national 
lapse in design education during the 
1950s and early '60s. All senior 
students in the department enroll in 
one four-credit course of the Design 
Program, ME 5-254, addressing the 
"morphology"--or structure--of the 
decision processes of design. 
Students may subsequently elect to 
continue this training for one or two 
additional quarters, for as many as 
twelve total credits in project work. 

How does the Program function? 
One of its strengths is its all
department nature. Six faculty serve at 
any one time, representing the major 
subdivisions of mechanical engineer
ing. In addition, three senior-level 
engineers from industry bring their 
skills to the program as adjunct pro
fessors. Introduced initially through 
assistance by the Educational 
Development Program, these addi
tional faculty critique and guide both 
students and the Program itself, assur
ing increasing relevance. Design pro
jects are generated by students, facul
ty, regional industry, and other institu
tions. These derive from real needs en
countered by faculty in their in
vestigative fronts, students' personal 
interests or employment, or directly 
from industrial settings. They never fail 
to excite interest. 

Students are recruited into project 
teams in a fashion not dissimilar from 
company recruiting. After a description 
of each project as an overview early in 
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Professor Darrell 
Frohrib and David 
Hoeltzel of the 
Department of 
Mechanical Engineer
ing collaborated 
together on the 
Space Shuttle experi· 
ment design and this 
article. 

the academic quarter, students iden
tify their preferences and teams are 
organized to meet project demands. 
Occasionally, if more students express 
interest than are needed in a project, 
competitive teams are organized. Each 
team is organized to address the 
design goals for the full academic 
quarter. 

A crucial feature of design is the 
development of the initial 
"contract"--here, a commitment to a 
detailed work statement of specific 
goals to be met in the time frame of 
one quarter. These statements and 
manpower organization, student
conceived, are orally presented in cri
tique sessions during the fifth week of 
the quarter to a team of three faculty 
members. Each student briefly 
presents a segment of the group's 
work. The quarter is terminated with a 
final oral critique as well as a com
prehensive written report. Project 
sponsors are invited to these sessions. 
By both advisor interaction and by 
group critique, each student has the 
opportunity to learn to "know himself" 
in a design setting. 

Although design is best learned by 
practice, a one-hour lecture session is 
held weekly. A staff member or an in
vited resource person, lectures on the 
decision processes of design, patent 
policy, ethics, or case studies of 
representative past designs and their 
evolution. The concepts presented 
there are reflected in student perfor
mance of their design tasks. 

Present projects and advisers in the 
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Program for the fall quarter 1980 were: 

0 A Sampling System for Road
way Particulate Studies-D. 
Kittelson 

0 A System To Optimize Upwing 
Sailing Course-R. Springer 

e Rehabilitation Projects spon
sored by Courage Center 
and Theradyne Corpora
tion-D. Frohrib 

4il Design of a Computer Pro
gram for Unsteady Heat 
Conduction and Considera
tion of Its Design lmplica
tions-S. Patankar 

Q Small Automated Vehicle-J. 
E. Anderson 

0 Energy-Efficient Vehicle-A. 
Erdman and D. Kittelson 

e Acid Rain Sampler-P. 
McMurry 

Q Human-Powered Vehicle-A. 
Erdman and P. McMurry 

0 Diesel Engine Fuel Injection 
Automatic Optimiza-
tion-D. Kittelson 

These projects, plus four smaller ones 
involving one or two students and at
tached to the subsequent elective 
courses, accommodated 120 students 
during the fan. 

Last spring, an excellent project 
was presented to the Program by Dr. 
Cecil Waddington of the Department of 
Physics: to design a hardware con
figuration to study high-energy cosmic 
rays in the ionosphere. Dr. Waddington 
and his group had been successful in 
early proposal stages, so allowing 
their experiment to compete for inclu
sion on the Space Shuttle. Design 
refinement was needed. Although 
research team staff members were 
engaged for design, it was decided 
that a student group in the Design Pro
gram would be an excellent resource 
for new ideas. 

One of the objectives of the NASA 
Space Shuttle is to carry into space ex
periments to study phenomena 
unobservable on earth. Dr. Wad
dington's experiment proposes to use 

high-energy particles present in 
cosmic radiation to study the 
characteristics of nucleus-nucleus in
terations at energies ten to one hun
dred times those available on the 
earth's surface. The experimental ap
paratus for the Shuttle flight will be 
housed in a two-meter diameter, two
meter axial length pressure vessel (see 
Figure 1). It will include (1) a telescope 
consisting of Cherenkov radiators and 
scintillation counters to measure parti
cle charges entering and leaving a 
target, (2) track-locating devices to 
determine the trajectory of each parti
cle, and (3) interchangeable targets 
such as carbon, polyethylene, and 
nuclear emulsion. 

The experiment has the advantage 
of being reusable, and may fly on 
subsequent missions to study other 
target material interactions. This op
tion enhances the cost effectiveness 
of the design. 

The real world of design stood 
before the students. The problem lack
ed definition; voluminous specifica
tions existed, some relevant to the 
task, some not; complicated blueprints 
required diagnosis and interpretion. 
Expression of interest in new design 
ideas was significant. Furthermore, 
competent designers such as John 
Grund of the Department of Physics 
and Adjunct Professor Miland Meek of 
3M came to observe and comment. 
Within the Department of Mechanical 
Engineering, Dr. Darrell Frohrib and 
graduate student David Hoeltzel were 
responsible for overall direction. The 
stage was set: What to do? 

After digesting the problem, the 
team developed five groups to attack 
segments of the effort: 

1. Structures 
2. Motor and Alignment 

Systems 
3. Transport Mechanisms 
4. Telescope and Experiment 
5. Coordinators 

As each group's decisions were in
terdependent, three student project 
coordinators were responsible for com
munication between them. 
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Since few designs are objectively 
close-ended, the students realized the 
need for further work on many of the 
systems considered in the preliminary 
design. Some areas for further in
vestigation would include temperature 
effects, magnetic field effects, 
analysis of composite systems, and 
finite-element dynamic modelling. Yet, 
with the myriad of design difficulties 
arising in the project, the recommenda
tions put forth by the students provid
ed valuable insight. 

Peter Monkkonen, one of the project 
coordinators and an ME senior said 
this of his design experience: 

"I found that the Project provided 
challenges, frustrations, and 
rewards far beyond the realm of 
the average learn-the-theory
crunch-the-numbers under
graduate engineering course. 

Our large group (15 students) 
faced unique challenges in both 
human relations and engineering 
design ..... Fiow of ideas and re
quirements among the parties in
volved was cruciai. .. The design 
team approach was essential 
because of group size, project 
complexity, and because it 
seemed the best method for 
utilizing our individual skills. 
Teamwork beyond the familiar 
lab-partner situation was re
quired. 

The engineering challenges were 
quite different than the other 
available projects that quarter. 
Rather than work on a particular 
piece of hardware, or small com
ponent of a larger system, we 
were given the purpose of the ex
periment and general design 
ideas, then told to do as much as 
we could on the entire apparatus. 
The unusual thermal, atmo
spheric, and dynamic environ
ment of the Space Shuttle posed 
unique problems and oppor
tunities. 



HIGH ENERGY INTERACTIONS DETECTOR 

EXPERIMENT MODULE 

PRESSURE VESSEL 

TELESCOPE ASSEMBLY 

CHERENKOV RADIATOR 

SCINTILLATION COUNTER 

\ 

--------

Minnesota Technolog, Winter I, 1981 

9 



There were, of course, frustra
tions associated with this pro
ject. I felt that there were two 
basic limiting factors: time and 
practical engineering 
knowledgje ... l found myself want
ing to continue being involved--to 
help with design refinement, with 
dynamic modelling, with presen
tation to NASA, and hopefully, 
with fabrication difficulties, and 
with reliability testing. 

The personal rewards from this 
project seemed one step closer 
to those associated with profes
sional t9ngineering efforts .... ! 
gained increased respect for my 
classmates' creative engineering 

abilities. As a coordinator, it was 
challenging trying tos grasp the 
form of the entire mechanism as 
it began to take shape, and to at
tempt to identify potential con
flicts among the components. 
Most of all, I enjoy the thought 
that, in some very small and in
direct fashion, we assisted in ex
tending man's knowledge of the 
physical world. 

One final comment regarding the 
course structure itself: the ap
parent busy work required (pro
blem statements, notebooks, 
time logs, oral presentations, 
etc.) seemed artificial--as though 
someone had just dreamed it up 

PtJT YOUR SCIENTIFIC OR 
ENGINEERING-DEGREE 
T<>WORK 

If you're a degree candidate who would like 
to embark on a future-oriented scientific or 
engineering career, then consider the United 
States Air Force. It's one of the finest oppor
tunities in the nation. 

Completion of our three-month Officer 
Training School nets you an officer's com
mission and launches you into a career 
that's geared for tomorrow. Our equipment 
is among the finest, our working condi
tions are excellent, and our benefits pack
age unmatched. Find out about a space 
age service from your nearest Air Force 
recruiter. 

to allow grades to be given. 

In retrospect, I think that we were 
provided with a good organiza
tional model, as well as given in
sight into the frustrating, 
challenging, and rewarding ac
tivity of mechanical engineering 
design." 

The report to the Department of 
Physics was submitted in June of 1980. 
Most of the students have graduated, 
but when the Shuttle flies, they will 
surely recollect their project ex
periences. (~ 



Mark Carlson BS, Chemical Engineering 

"This kind of decision
making is a great responsibility. 
At DuPont I have the freedom to 
do whatever testing is necessary 
to rnake accurate judgements. 

"Working with plastics was 
my chief interest at the South 
Dakota School of Mines and 
Technology. I interviewed with 
DuPont because its strength in 
the field matched my interests. 

"I started work at the 
Parkersburg, West Virginia, site 
on process development for 
DELRIN®. Then I worked on the 
engineering of a color develop
ment facility. My present assign
ment is compounding glass, 
mineral and rubber reinforced 
plastics. 

"All this ~ails for initiative 
and gets me into design activities 
with the marketing people. That's 
the great thing about DuPont. 
You use a lot more than just your 
engineering." 

If you want to develop all 
your talents-whether you're a 
ChE, ME or EE-see the DuPont 
Representative when he's on cam
pus·. Or write DuPont Company, 
Room 37798, Wilmington, 
DE 19898. 

At DuPont ...... there's a 
world of things you can 
do something about .. 

An Equal Opportunity Employer. M/F. 



by Nancy Hurd 

Saturn, the youngest Titan son of 
Heaven and Earth, dethroned his 

father and was, in turn, dethroned by 
the only son he did not devour. He then 
fled to Italy where he established the 
"Golden Age" as god of agriculture. 
This delightful deity has perplexed 
mythologists and lexicographers alike 
who have associated his name with a 
flourishing era (saturnian), unrestrain
ed indulgence (saturnalian), and slug
gish moodiness (saturnine). It is not 
too surprising, therefore, that his 
namesake, the sixth planet of our so~ar 
system, should perplex scientists, too. 

"Baffling," "bewildering," and "in
explicable" are only a few of the words 
that scientists have been using to 
describe th19 information that the 
Voyager I spacecraft has been relaying 
to Earth about Saturn. Among the sur
prises were: t1undreds of ringlets found 
within the major rings; the narrow, 
braided "F" ring; the nitrogen at
mosphere of the moon Titan, and 
1440-kilometers/hour equatorial winds 
on Saturn. 

The original concept of the Voyager 
journey was as part of a plan known as 
the Grand Tour. The plan was to take 
advantage of an unusual celestial 
alignment occurring in the 1970s which 
would enable one spacecraft to visit all 
the outer p~anets, including Pluto. 
Once every 175 years the large outer 
planets, Jupiter, Saturn, Uranus and 
Neptune arrive at a point in their solar 
orbits where they form a line on the 
same side of the sun as the Earth. 
Astronomers calculated that a single 
spaceship could utilize the gravita
tional pull of one planet to travel on to 
the next. The technology to carry off 
such a scheme would have to be ex
traordinarily durable and adaptable to 
withstand the requisite 12 years of 
travel in the extremely cold environ
ment. Scientists were stimulated and 
excited by the challenge, but Congress 
was not. A scaled-down, less costly 
version, traveling only to Jupiter and 
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Saturn, was the compromise that 
brought us Voyager I, launched 
September 5, 1977. The improved 
technology of the mission was seen as 
Voyager reached the moon after only 
ten hours. The Viking and Mariner 
spacecrafts had traveled this distance 
in one day, while the Apollo astronauts 
had traveled for three days. (Voyager II 
was launched two weeks before its 
sister, on a slower trajectory. It could 
reach Uranus in 1986 and Neptune in 
1989.) 

Now, after three years' journey, the 
spacecraft has covered over 1.2 billion 
miles to reach its final planetary goal, 
Saturn, 1515 million kilometers (9.5 AU) 
from the Sun. The small, sturdy struc
ture that has been inundating scien
tists with data to sift through, inter
pret, and analyze weighs only 4,012 
kilograms, including its 569-kilogram 
instrument payload. The basic 10-sided 
aluminum framework has a diameter of 
approximately 1.8 meters and a height 
of around one meter. Attached to the 
frame are the electronic compartments 
that serve as the brains of the craft. 
The dominant physical feature of 
Voyager I is its 2.6-meter diameter 
radio dish that points continually back 
to Earth in order to transmit and 
receive radio signals at a rate of 45,000 
bits of information per second. The 
dish is white, although most of the visi
ble parts of the spacecraft are black, 
carefully wrapped or blanketed for 
thermal control or micrometeoroid pro
tection. 

Because the Voyager is traveling so 
far from the sun, it cannot rely on solar 
energy to power its instruments. It 
uses, instead, a plutonium-based 
nuclear generator. Sixteen thrusters 
with 507 kilograms of rocket fuel, 
hydrazine, enable the craft to make 
corrections in its course. Located on a 
2.3-meter boom, 180 degrees from the 
nuclear generator, are the instruments 
which are most sensitive to radiation. 
The boom also gives the pointable in
struments the flexibility they require. 
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The spacecraft carries two 
cameras, one with a wide-angle lens, 
and one with a telephoto lens. These 
cameras have 50 times the resolution 
power of those on Pioneer II, the first 
spacecraft to visit Saturn in September 
1979. This means that at a distance of 
one million miles, features which are 
only five miles in length or in width 
were detected. The images sent back 
to Earth are not technically 
photographs, but electronic pulses 
transcribed into images. The images 
are then interpreted by the "imaging 
team." Color images were produced by 
successive scans through red, green, 
and blue filters. The three separate 
sets of information were combined by 
computer and reproduced on color 
film. 

Other science instruments on board 
include: ultraviolet and infrared spec
trometers to observe the planet, its 
rings and moons, in a broad elec
tromagnetic range; a photopolarimeter 
to determine composition, size, and 
distribution of particles according to 
their reflection of light; three charged
particle instruments to monitor 
planetary radiation belts, cosmic rays, 
and solar wind; two magnetometers to 
detect magnetic fields in space and 
around planets; and two thin whip 
antennas to investigate plasma waves 
(low-density, ionized gas), planetary 
radio emissions, and solar-stellar radio 
outbursts. The radio link with Earth is 
also used as an instrument to measure 
reflectivity, absorption, and scattering 
of radio signals by intervening material 
when the spacecraft passes behind a 
planet, satellite, or ring system. (The 
movement of the craft behind the body 
as viewed from Earth is called occulta
tion.) 

This entire assemblage operates on 
less than 400 watts (similar to a color 
TV), and experienced only one failure, 
the photopolarimeter, which broke 
down during Voyager's Jupiter flyby. 
Several instruments may transmit in
formation at one time, but the com-



Courtesy of NASA 

Nancy Hurd has 
spent ten years in 
fom schools, three 
countries and "a 
myriad of jobs"; she 
will be graduating in 
biology this spring 
(hopefully). 

Eight hours after Its closest approach to Saturn, Voyager I took this picture at a distance 
of 720,000 kilometers and an angle approximately 30 degrees above the ring plane. From 
the top down: the bright F·ring, the A·ring, the Cassin I Division, the broad B-ring, and dark· 
grey C·ring. Dark "spokes" appear as bright streaks, implying a strong forward-scattering 
property. 
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mands had to be programmed ahead of 
time in order not to waste valuable 
time. Even though the radio signals 
travel at the speed of light (298,000 
kilometers per second), they take 85 
minutes to reach Earth. In that time, 
Voyager would have traveled 96,000 
kilometers. 

The closest approach to Saturn, 
123,200 kilometers from Saturn's 
cloudtops, was scheduled for 
November 12, 1980, but the in
struments ft:>egan scanning six months 
prior to the encounter, and the 
cameras began sending back photos in 
August. One of the many experiments 
performed was a check on Einstein's 
theory of relativity. Late in September 
when Voyager was in conjunction with 
the sun, a radio signal was passed 2 
degrees from the sun. If the Theory of 
General Relativity were correct, solar 
gravity should cause a slight delay in 
the signal. A delay of one ten
thousandth of a second was recorded 
in the 83-minute radio signal trip where 
the round trip time was measured ac
curately to one ten-millionth of a 
second. 

At a distance of 26 Saturn radii out, 
Voyager crossed the bow shock, the 
point where the solar wind, a stream of 
atomic particles from the sun, meets 
the magnetic field. These particles, 
primarily protons traveling at 400 
kilometers per second, flow around the 
magnetic field and compress it 
backward, creating violent turbulence 
and tangled magnetic fields. The 
sound at the bow shock of the stream
ing charged particles was recorded 
and described as ghostly screams, 
though not audible to the human ear. In 
comparison, the bow shock of Earth 
was said to be like a drawn-out shout 
in a tunnel. 

After crossing this boundary, 
Voyager passed into a transition 
region called the magnetosheath, the 
inner boundary of which is the 
magnetopause, where solar wind 
plasma is separate from the 
magnetosphere plasma. The magnetic 
field of Saturn is mild, with Earth-like 
intensity and a symmetrical dipole 
field, but its nearly perfect alignment 
with the planet's rotational axis is 
unusual. Scientists believe that these 
features indicate a relatively small 
core of metallic hydrogen. All other 
known magnetic fields, however, show 
a significant tilt from the rotational 
axis. Scientists do not know why 
Saturn exhibits this uncommon 
behavior, but suggest that the 
magnetic field is in the middle of a 
reversal. 
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The magnetopause was located 
200,000 kilometers from Titan's orbit, 
leaving the approach and encounter 
with Titan fortunately in a magnetic 
calm. The investigation of Saturn's 
largest satellite, the only one in our 
solar system to retain an atmosphere, 
was a priority in the Voyager program 
and eagerly awaited by the scientists 
at the California Institute of 
Technology Jet Propulsion Laboratory, 
focus of Voyager's information relay. 
As the spacecraft approached within 
4,000 kilometers of Titan, binary bits of 
information were streaming through 
space toward the tracking station in 
Spain, then around the world via 
satellite to JPL in Pasadena, Califor
nia. The atmosphere of Titan was the 
first surprise. Previously believed to be 
composed largely of methane (CH 4), it 
was found to be almost 99 percent 
nitrogen (N 2) with only one percent 
methane. The hoped-for break in the 
clouds did not appear, so photographs 
of the orangeish smog were of minor 
importance. Radio signals prob~d the 
gases as Voyager passed behind the 
moon, allowing for an accurate deter-

mination of the diameter of Titan. At 
5,100 kilometers it takes second place 
to the Jovian moon Ganymede (5,240 
kilometers) as the largest moon in the 
solar system. 

Radio occultation data and infrared 
and ultraviolet spectra revealed a 
neutral atomic hydrogen haze several 
hundred thousand kilometers deep 
enveloping the planet. These gases are 
so thin, however, that they are detec
table only by instruments, and not visi
ble. Some compounds positively iden
tified in the atmosphere were 
acetylene (C 2H2), ethylene (C 2H4), 

ethane (C2H6) and hydrogen cyanide 
(HCN). In ultraviolet light, hydrogen 
cyanide forms compounds with a 
reddish-brown color which may explain 
the orangish appearance of the at
mosphere. 

The pressure at the surface of Titan 
has been estimated from 1.5 to 3 times 
Earth's atmospheric pressure. This 
would be equivalent to the pressure 20 
meters below water. Because the 
temperature is so cold (1 00 degrees 
Kelvin), scientists also believe that 
there may be lakes or puddles of liquid 

Rhea from 73,000 . kilometers, displaying multiple impact craters as large as 75 
kilometers. 

Courtesy of NASA 
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nitrogen on the surface. The outer sur
faces of all the satellites are known 
from Earth-based spectra to be primari
ly ice with a little rock. Many facts have 
been gathered, but the intriguing ques
tions remain. Why does Titan have an 
atmosphere at all? The basic theory is 
that Titan was warm enough for the 
methane and ammonia (NH 3) ices to 
have significant vapor pressure, and 
yet large enough to hold on to it when it 
sublimated. The existence of the 
hydrogen haze may be explained by the 
fact that hydrogen atoms of ammonia 
may be easily knocked off by 
ultraviolet photons, leaving the nitron 
to form molecules. Methane also loses 
hydrogen by this method, the 
fragments forming hydrocarbon chains 
which are solid at the cold 
temperature. Assuming that this has 
been going on since the formation of 
the solar system 4.6 billion years ago, 
some scientists have speculated that 
the moon's terrain may be a kilometer 
or two deep in hydrocarbon snow or 
powdery plastic. 

Moving, the Voyager spacecraft first 
passed over the rings of Saturn, then 
under, transmitting exquisite images 
of the sixth planet and its delicate
hued ring system. Members of the in
vestigatory teams were amazed and 
delighted by the complexity of the 
rings. Even though Saturn is 815 times 
larger than Earth, the best Earth 
telescopes had been able to obtain on
ly fuzzy pictures delineating three ma
jor rings, five or six with imagination. 
As Voyager approached, it became in
creasingly evident that the "A", "B", 
and "C"rings were made up of hun
dreds of ringlets, and another ring 
designated "F," and even a possibility 
of a "G" ring. 

The "C" or crepe ring is located 
closest to the planet (only 12,800 
kilometers from the cloud tops) and 
was the· most difficult to distinguish 
from Earth. It is 10,000 kilometers wide 
and has a bluish tint in ultraviolet light. 
The icy particles which make up this 
ring are about one meter across, 
though some may be ten times larger. 
The "B" ring was the brightest when 
viewed from the top with reflected 
light, though "A" and "C" were 
brighter when seen from below with 
filtered light. This implies that the par
ticles of the "B" ring are denser than 
those of the "A" and "C" rings. The 
"8" ring was the only ring in which 
mysterious dark spokes appeared at 
right angles to the planet. These dark 
fingerlike projections would appear, 
persist for several days, then dissipate. 
Scientists were totally bewildered by 

Voyager 
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!Figure 1. Voyager I. 

Figure 2. Voyager l's approach. 

this behavior. Since the inner edge of 
the ring is closer to the planet than the 
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outer edge, it travels at a faster speed. 
Any material forming at right angles to 
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Montage of the Saturn neighborhood with Dione in forefront, Tethys and Mimas to the 
right, and Enceladus and Rhea off the rings to the left. 
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this movement would be expected, 
therefore, to be ripped apart by the 
varying speeds. The only explanation 
at this time is a possible magnetic in
teraction that lines up particles in the 
same manner that iron filings line up in 
a magnetic field. It is believed that an 
electrically charged force exists which 
is strong enough to pull extremely 
small particles above the rest of the 
ring where they appear to form a 
separate line or spoke. 

By far the most baffling, however, 
has been the narrow "F" ring. The par
ticles in this ring are aligned in three 
strands in a braided fashion. Though 
this behavior is also attributed to the 
magnetic field, no real theory has been 
put forth to explain it. Some of the par
ticles in this ring may be wavelength
size. 

The unexpected became com
monplace as even the gap between the 
"B" and "C" rings, known as the 
Cassini division, turned out to be not a 
gap, but filled with particles less dense 
but similar to those in the "C" ring. 
Two smaller, eccentric rings were 
discovered which seem to contradict 
Kepler's laws of planetary motion. 
Scientists were quick to point out that 
this did not mean that Kepler's laws 
were not valid, but merely that forces 
other than gravity alone must be at 
work here also. The rings were also 
found to be emitting powerful bursts of 
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radio waves. 
Two main theories of ring formation 

existed before Voyager 1: uncon
solidated material left over from the 
formation of Saturn, and remains of 
satellites that came too close to the 
planet and were ripped apart. There are 
still two theories of ring formation, in
dicative of the many questions that re
main unanswered in spite of the great
ly increased knowledge of their com
position and measurements. 

On November 12, 1980, the Voyager 
passed only 123,200 kilometers from 
the cloud tops of Saturn. The planet 
displayed a thick covering of clouds, 
with alternating bands of dark and 
light in gold and yellow hues. The 
bands are believed to be related to 
variations in temperature rather than 
wind speed. At 815 times the volume of 
Earth, but only 95 times its mass, it is 
evident that Saturn is largely gaseous. 
It is believed to have a dense, rocky 
core several times the size of Earth, 
and about 15 to 20 times its mass. 
Because Saturn radiates twice as 
much heat as it receives from the sun, 
scientists theorize that it is still cool
ing and contracting from its initial for
mation 4.6 billion years ago. Saturn 
consists of hydrogen and helium in 
about the same ratio as the sun: the 

clouds are composed of compounds of 
hydrogen and other less abundant 
elements such as carbon, nitrogen, 
and oxygen. Under the clouds, with in
creasing heat and pressure, the 
hydrogen becomes liquid. At a greater 
pressure (one million to three million 
atmospheres) the hydrogen becomes 
solid or metallic, creating a conducting 
core. Convection through the core is 
believed to create the planetary 
magnetic field. 

By detecting bursts of non-thermal 
radio waves which scientists assume 
are produced through magnetic in
teractions related to the bulk of Saturn, 
Voyager was able to accurately deter
mine Saturn's rotation rate to be 10 
hr/39.4 min2 10 sec. Saturn orbits the 
Sun in 10,760 days. It is now early 
spring in the northern latitudes; sum
mer will arrive in 1987. The shadow of 
the rings blocks 15 percent of the heat 
which would otherwise hit the equator. 
There are fewer ovals and streamers 
than seen on Jupiter's surface, but the 
winds are even more fierce than on 
Jupiter. 

Winds traveling from west to east at 
speeds up to 1,440 kilometer/hour were 
perceived by sensors. They appear to 
be uniform and symmetrically decreas
ing north and south from the equator 

Saturn's rings from the unilluminated side at 717,000 kilometers. The C·ring and Cassini 
Division are bright, the B·ring dark. 
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For years you've been 
proving to your pro
fessors just how good 
you are. Now it's time 
to prove it to yourself. 

With a higher 
challenge. With 
Thxas Instruments. 

Prove yourself where innovation's 
the rule, not the exception. 

As a matter of corporate policy, TI has 
built-in budgets for new, innovative ideas. If 
you have a revolutionary concept that 
deserves to be put to the test, the money's 
there. 

That's just part of the TI challenge. 

Prove yourself in the world's "hot" 
technologies. 

No technology is hotter, or more fan
tastic, tham microelectronics. And no com
pany is hotter in it than TI. 

Example: The TI 59 handheld calculator 
has more than twice the primary memory 
capacity of the three-ton computers of the 
1950s. 

And look at these credentials. TI is: 
e The world's leading supplier of 

semi conductors. 
~ The patent holder for 

the single-chip 
microcomputer and 
the handheld elec
tronic calculator. 

~ The designer and 
producer of the most 
complex MOS chip 

and the most popular microcomputer. 
0 The inventor of solid-state voice synthesis. 
~ The largest producer of microelectronic 

memory products. 
o The world leader in Very Large Scale 

Integration. 
* The primary supplier of airborne radars to 

the U.S. defense program. 
@ The leading developer and producer of in

frared and laser systems. 
0 The world's foremost geophysical survey 

company. 
Prove to yourself where you have 
the freedom to grow. 

Because TI is like many companies in 
one, you have the opportunity to move 
laterally from one specialty to another as 

well as move up. Without changing jobs. 
TI's advanced 

system for lateral 
career mobility lets you 
move up faster. 
Because the freedom 
to move sideways is 
the best way to com
pare technologies and 

define career goals early on. 
The frequently published TI Job Oppor

tunity Bulletin lists openings at all TI 
facilities and gives TI people first crack 
at them. 

Prove yourself where it counts. 
TI has been acclaimed as one of 

America's best-managed companies be
cause we've stayed young and vital while 
growing big. 

One major reason for our high energy is 
our move-up environment. New people don't 
get buried at the bottom of a pecking order, 
because there isn't one. So if you get a good 
idea your first week on the job, it gets 
heard. And you get rewarded. 

At TI, you get 
every chance to show 
what you can do. And 
prove what you deserve. 

Prove yourself in 
an international 
company. 

TI has hometowns in 19 countries on six 
continents. You'll find manufacturing in 
Singapore. Dallas. Thkyo. Nice. Buenos Aires. 
And many other cities around the globe. 

TI has hometowns to match your 
lifestyle. No matter where you call home. 
From New England to Thxas to California. 

Texas Instnunents is interested in 
graduates from the following 
specialties: 
* Electronics Engineering 
0 Electrical Engineering 
* Mechanical Engineering 
*Computer Science (Software/Hardware) 
o Industrial Engineering 
e Materials Science 
e Solid-State Physics 
@ Engineering Physics 
o Engineering Science 
e Metallurgy 
e Metallurgical Engineering 
~ Chemical Engineering 
o Chemistry 
* Mathematics 
* Plastics Engineering 
* Manufacturing Engineering Thchnology 
o Geology/Geophysics 

Campus Interviews 
Tl Consumer Products 
Group. From calculators 

and watches to home 
computer·s, electronic 
learning aids and 
more. 

Tl Finance and 
Accounting-. For group, 

division, corporate 
staff or multinational. 

TI Digital Systems 
Group. A leader in 

getting the computer 
closer to tlw problem 
through distributed 
lo1,ric and memor·y. 

TI Equipment Group. 
Electro-Optics, Radar 
and Di~-,rital Systems, 
Missile and Ordnance. 

TI Facilities Planning 
and Eng-ineering. 

Responsible for 
facilities necessary for 
manufactw·ing and 
testing Tl products. 

TI Information Systems 
and Services. State-of

the-ali computer 
svstems and services 
t;J 'l'l's worldwide 
operation. 

TI Materials and 
Electrical Products 
Group. A world leader in 

engineered materials 
systems and home 
aiJpliance and 
industrial controls. 

Geophysical Service 
Inc. A world leader in 

the search for oil. 
T! Semiconductor 
Group. Semiconductor 

components, materials 
and technology. 

TI Corporate Research, 
Development and 
Engineering-. Pioneering 

the technologic;; 
required by presPnt 
and future business 
oppmiunities. 

One or more of these gToups may be interviewing on 
your campus. Check with the Placement Office for 
interview dates. Fifty¥;;~ 
Or send data sheet to: lnnc?Jation 

George BPrryman ~,) I 
'lbxas Instruments, C(wporate Staf!ing '(], 
P. 0. Box 225474, M.S. m, Dept. CH·1 
Dallas, TX 752fi5 __ _ __ J 

TEXAS INSTRUMENTS 
INCORPORATED 

An equal opportunity employer MIF' 



"Braided" Encke A-ring Cassini Division B-ring Illustration by Stave Smith 

F-ring Division 

Figure 3. S~:nturn's rings. 

until a zero speed is reached at the 40 
degree latitude. The winds continJ..le to 
blow east again at higher latitudes. 
There are several major atmospheric 

bands. The theory of the mechanism 
that drives the winds is that the cyclic 
rising and falling of extremely cold 
clouds of ammonia and the rotation of 
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the planet generates the necessary 
horizontal kinetic energy. 

Past Saturn, under the rings and out 
through Dione's "safe zone" where 
particles would be swept clear by the 
moon's gravity, Voyager continued its 
information gathering. Fifteen 
satellites was the final count. Two 
small "sheepdog" satellites were 
found "herding" particles in the "F" 
ring; one was near the inner orbit, the 
other was near the outer edge. Just 
outside the "F" ring were two more 
fascinating satellites. These tiny 
moons seemed to share the same orbit 
only 50 kilometers apart, but as the in
ner one catches up with the outer one, 
some force keeps them from colliding. 
The satellites range in size from a few 
hundred to a few thousand kilometers 
in diameter, and each claims a 
distinguishing characteristic. Mimas 
has a large crater with a central peak 
that covers almost one-quarter of its 
surface. Rhea is cratered to the point 
of "crater saturation"-any new im
pact destroys as many craters as it 
creates. Dione has wispy, grayish 
white marks which may be frost or 
snow emanating from its surface. 



Iapetus is six times brighter on its trail
ing orbital side than on its leading 
side, and Enceladus is smooth, ap
parently uncratered. Scientists have 
explained this anomaly by the 2:1 or
bital resonance with Dione which may 
cause tidal heating which melts and 
smooths the craters. 

More and more information 
becomes available as the images are 
analyzed in greater detail. Scientists 
are excited by the geology of the 
satellites of Saturn because they fill a 
previous plantary gap, being smaller 
than the Galilean moons of Jupiter, but 
larger than the asteroid-like moons of 
Mars. 

The Voyager stopped sending back 
images in mid-December, but will con
tinue to relay information about radia
tion and energized particles in space 
for another decade. Even then, as it 
leaves our solar system in 1990, its 
voyage is not completely over. It car
ries a gold record of Earth sounds, 
languages, music and a message for 
alien intelligence as it heads toward 
the constellation Ophiuchus in deep 
space. (nCH'NOi:OOI 
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ATTENTION SCIENCE AND 
ENGINEERING MAJORS! 

The Air Force has openings for 
young men and women majoring in 
selected science and engineering 
fields. Like Aeronautical, Aerospace, 
General and Electrical Engineering, 
Mathematics, Physics and Computer 
Technology. 

To help prepare for one of these, 
Air Force ROTC offers two and four
year programs of study which will 
defray some of your college costs. 

After completion of the AFROTC 
requirement, and upon your gradua
tion, you'll be commissioned an of
ficer in the Air Force. Then comes 
responsibility, experience in your 
specialty with some of the best peo
ple and facilities in the world, and a 
mission with a purpose. You'll get ex
cellent starting salary, medical and 
dental care, 30 days of paid vacation 
beginning your first year, and more: 
Interested persons may call (612) 
373-2205, or write to: 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 
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by Renee Valois 

he Corrosion Center of the In
stitute of Technology does not 

really exist. There is no building or 
laboratory that provides a Center for all 
the scientists who are currently re
searching corrosion and degradation 
of materials. Yet the nineteen principal 
investigators, six research associates, 
and twenty-five graduate students in
volved, though scattered throughout 
the campus, have not let that prevent 
them from making discoveries of great 
importance to the corrosion and 
energy fields. And someday---perhaps 
in a couple years---they may even have 
a real Center. 

The current research projects of the 
Corrosion Center, directed by Dr. 
Richard A. Oriani, fall under several 
categories: organic coatings, in
organic coatings, surface reaction 
mechanisms, solar, and cracking 
phenomena. Research is as diverse as 
the five different academic depart
ments involved can make it. It is 
thought that corrosion should be 
studied in an interdisciplinary way, 
since different inputs from a variety of 
scientists provide more insight into the 
problems to be tackled. Projects range 
from "Studies of High Temperature 
Solar Processes" to "Development of 
Anticorrosive Coatings For High 
Temperature Service In Combustion 
Technologies and Coal-Gasification 
Processes". The Department of Energy 
has been impressed enough with the 
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University research problems to pro
vide major funding for the new Center. 
(The funding and creation of the Center 
are largely due to the efforts of IT Dean 
Roger Staehle, who has been working 
in the corrosion field for years.) 

There are two major types of corro
sion: metal corrosion and polymer cor
rosion. Both of these types of corro
sion are studied at the Center. 

Most people have dealt with metal 
corrosion in their own cars. The car 
body is painted to prevent corrosion; a 
continuous surface, without cracks, is 
necessary to keep the corroding 
agents from reaching the metal. 

Dr. John F. Evans of the Department 
of Chemistry and Dr. Matthew V. Tirrell 
of the Department of Chemical 
Engineering and Material Science are 
working on a polymer-metal interface 
project. They are using polymers, in
stead of paint, to coat metal. The re
quirements for a good polymer film are 
that it be fast, cheap, and have low 
voiding and low cracking potentials. 
The unique coating process employed 
by Drs. Evans and Tirrell is "plasma 
polymerization of styrene." In the pro-

·cess styrene forms polystyrene. The 
cross-link density of the coating has to 
be high to prevent corrosive agents 
from getting through to the metal 
beneath. The coating may be hit with 
radiation and cured in a dry, clean pro
cess. It then solidifies quickly, without 
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the aid of expensive solvents. 

polystyrene 

Polymer corrosion is being studied 
by Drs. Stephen Wellinghoff and 
William Gerberich, with the assistance 
of graduate students Jim Slichter and 
Sheldon Israel. Their project, "Stress 
Corrosion Resistance of Polymer 
Glasses Containing A Rubber
Reinforced Ductile Phase," may affect 
all of us in the near future. 

"Ideally," says Dr. Wellinghoff, "you 
would like to use polymers as struc
tural engineering components." Body 

Renee Valois, 
besides being a 
mechanical engineer· 
ing T.A., an English 
major and attractive 
has one more plus: 
she writes real good. 



polymers, except that you can use the 
same chemical engineering sequence, 
and just put everything together at the 
last stage; so it's efficient." Because 
blending is cheap and efficient, it was 
chosen as the process for making 
materials in this research project. 
Also, blending has the advantage of 
making use of materials which have 
already been studied, and hence of 
which the chemical and physical prop
erties are known. 

Dr. Wellinghoff explains the intricacies of polymer science. 

One of the polymers Drs. Well
inghoff and Gerberich use in their 
blend is polyphenylene oxide. It is an 
industrial polymer which is a product 
of General Electric. (One trade name is 

parts of automobiles, such as 
bumpers, are now being made of 
plastics. But under the hood, in the 
presence of greases and oils, polymers 
behave very poorly. 

The advantages of polymer 
automobile parts would be great 
however. Carbon-reinforced plastics 
have the potential for being cheaper 
and lighter than their metal counter
parts, and would contribute to better 
gas mileage. 

There are two type;:~ of polymers: 
ductile and brittle. Ductile material can 
be safely taken to a much higher stress 
level than brittle material. But for a 
variety of reasons ductile polymers to 
to be more expensive than brittle 
polymers. And even ductile polymers, 
in the presence of greases, oils, and 
organic small molecules, will crack. 
Drs. Wellinghoff and Gerberich are 
working to create a polymer which is 
cheap, ductile, and corrosion-resistant. 

One process of synthesizing new 
polymers which is quite popular today 
is blending (or alloying, in 
metallurgical terms). In it, two 
polymers are mixed and thermally 
treated in such a way that they exhibit 
new properties completely different 
from the properties of the individual 
polymers. 

"Thus, with two polymers you can 
get a wide range of properties," says 
Dr.Wellinghoff. "So it's the same as if 
you were to synthesize six new 

The wide-angle diffraction machine, important--and expensive-· is also an integral part 
of Dr. Wellinghoff's research. 
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Noryl.) In its usual state it is quite duc
tile, but also expensive. 

polyphenylene oxide (PPO) 

The other polymer, much cheaper, is 
a derivative of polystyrene called 
chlorostyrene. It is both cheap and fire 
retardant but also brittle. 

C! 

~CI 
-CH 2-CH

chlorostyrene (PCI) 

Drs. Wellinghoff and Gerberich 
want to blend these two polymers--
using only a tiny bit of the ductile 
polyphenylene oxide, since it is 
expensive---to create a structure which 

The low-angiE~ diffraction machine, with a position-sensitive detector, measures the 
phase separattion of structures of 50 to 1000 Angstroms, and can do in 10 seconds what 
couid have taken 3 hours to a day. 

0 
u 

Cl) 

>. 
..0 
0 
0 
.11: 
a. 

24 

Minnesota Technolog, Winter I, 1981 

is phase-separated. The type of phase 
separation they intend to use to use to 
separate the polyphenylene oxide 
phase from the polychlorostyrene 
phase is called "spinodal decomposi
tion." 

The requirements for this system, 
according to Dr. Wellinghoff, are com
patible components which form one
phase solid or liquid solutions over at 
least some of the temperature range. 
(There are few polymer pairs known to 
be compatible, but more are being 
found every year.) A material with a 
phase diagram which looks something 
like that of Figure i is desired. 
Polymers behave in the opposite 
fashion of metals; when temperatures 
increase, they phase-separate. 



Engineers 

Our engineers 
0 Don't wear suits and ties 
0 Don't shuffle papers and answer phones 
0 Don't sit at desks 

THEY DO 
0 Work outdoors 
0 Take charge and make decisions 
0 Face many challenges and take responsibilities 
0 perate sophisticated electronic equipment 
* Interpret information on oil and gas wells in the 

search for tomorrow's energy 

If you want to be your own boss and are not afraid of long 
hours, talk to us. We are the world leader in our field with 
rewards for the individual with a degree in EE, ME, PetE, 
Physics or Geophysics, outstanding scholastic record, 
0-3 years experience and U.S. citizenship. 

OPENINGS THROUGHOUT THE WESTERN UNITED STATES 

LE SE LL LLECT: (3 3) 534um7 
•••••••••••••••••••••••• Schlumberger WeU Services 

e Attn: Personnel Recruiting • • • • • 
Suite 1700, 410 17th Street 
Denver, Colorado 80202 

MUST HAVE A 4~YEAR DEGREE! 
We Are An Equal Opportunity Employer MIF • 

• • ••• • •••••••••• 



Figure 1 

In the two-phase region, ductile 
polyphenylene oxide will start to 
precipitate out of the 
polychlorostyrene. It is important that 
this precipitation be topologically in
terconnected, since cracks stop when 
they run into ductile regions. If there 
were isolated regions of ductile phase; 
a crack which began in the brittle 
region could run around the ductile 
phase and end up breaking the sample. 
According to Dr. Wellinghoff, "It is only 
in the last couple of years that people 
have even suspected that polymers 
could form such a topology." 

Although thousands of tiny cracks 
may form in the blended material, the 
sample is never completely broken 
through. The PPO keeps cracks from 
growing to the "critical length" at 
which they would break the sample in 
half, or cause unacceptably large 
holes in it. 

A high-speed automated X-ray facili
ty and a computer-controlled 
temperature cell allow the researcher 
to go up and down through the phase 
line (see Figure 1) and determine how 
the structure appears as a function of 
temperature. X-rays can show the 
shape and size of the PPO phase 
regions, as well as how far apart they 
are. 

Currently research is going on to 
discover how to keep solvent from get
ting into the material at all; to stop 
even tiny cracks from forming. 
Polyphenylene oxide is attached to 
fluorinated silicone rubber to form a 
block copolymer. This fluorinated 
silicone copolymer has both added 
flexibility and repels small organic 
molecules, which gives complete pro
tection. 

block copolymer 

26 

Illustration by Michele Holzwarth 

At higher temperatures the 
~-+-+-- polymers phase-separate. 

Lower critical 
solution temperature 

~+-- PPO and PCL mix very well 
here, at low temperatures. 

%PPO~ 

..------..:.su.:.:..:r..:..fa:.:...c:.:e:.:...o:..:f~s::a:.:.:m:..:.!p:.:.l=-e --------. Fluorinated silicone 
fluorinated silicone migrates to the surface 

l--;;::---,.:;::---r--------"<t"-~:---'*""--,---l to minimize surface energy and 
drags the ductile 

t-T---"':P'--:......-------"--~~~-..::~---l phase to the surface. 

Ductile slip bands in the 
PPO are nucleated 
at low stress levels 
by the rubber particles. 
These prevent cracks 

~~...-_______ _..::.. __________ --!from growing. 

Figme2 

Chlorostyrene 
+catalyst 

I 

Illustration by Scott Hou 

mold 

PPO 
+ Chlorostyrene 

+activator 

I 

Figme3 Illustration by Michele Holzwarth 

Drs. Wellinghoff and Gerberich are 
attempting to make a system with a 
phase separation like that in Figure 2. 
More protection would be provided at 
the surface of the material, where 
cracks usually start, but there would 
also be greater protection of the in
terior of the sample through rubber 
reinforcement. Organic small 
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molecules could then be kept out of 
the material, and corrosion prevented. 

Another project which is only in the 
"thinking stage" involves a reaction in
jection molding process (RIM). (See 
figure 3.) Chlorostyrene and a catalyst 
are squirted together with 
polyphenylene oxide, chlorostyrene 
and an activator into a mold. The PPO 
then spinodally, rapidly phase
separates in the liquid chlorostyrene, 
forming a gel. The catalyst polymerizes 
the chlorostyrene, which becomes a 
hard polymer. Polymerization occurs 
rapidly and results in a solid object. 
The advantage is that the liquid 
polymer does not need to be squirted 
into the mold under high temperature 
and high pressure, but instead it can 
be handled in a low viscosity state. 
This would improve the process cur
rently being worked on, by increasing 
its speed and lowering the cost. (This 
RIM process method is presently used 
by industry to produce auto parts of of 
polyurethane and is being actively in
vestigated by a University group head
ed by Prof. Chris Macosko.) 

Wellinghoff has been at the Univer
sity only two years, and his corrosion 
project started just last year, but much 
has already been learned about 
polymer corrosion. We may soon be 
driving plastic cars. r!fECHNoWG) 



E I EE I 
If you're in college, there are many possible programs for you which lead into Navy nuclear propulsion. 

If you want to get into nuclear 
engineering, start by getti'ng into 
the Nuclear Navy. 

The Navy operates more than 
half the reactors in America. So 
our nuclear training is the most 
comprehensive you can get. You 
start by earning your commission 
as a Navy Officer. Then we give 
you a year of advanced nuclear 
technology, training that would 

I 
, 

cost you thousands if you could 
get it in graduate school. During 
your career, you'll get practical, 
hands-on experience with our 
nuclear powered fleet. Maybe 
you'll work on a nuclear subma
rine, maybe a nuclear cruiser. But 
wherever you work, you'll really 
get to prove your worth-as a 
young Nuclear Propulsion Officer 
entrusted with the most advanced 

, 

technical equipment known to man. 
If that sounds like. the kind of 

responsibility you're looking for, 
speak to your Navy recruiter. He 
can tell you if you qualify as a 
Nuclear Propulsion Officer 
Candidate. 

NAVYOFACERPROGRAMS 
2nd & Washington Ave. S. 
Minneapolis, MN 55401 
call collect: (612) 335-3628 

E Eo 
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by Scott l::lacko 

ot even E. F. Hutton knows about 
Minnesota, Inc. Because Minne

sota, Inc. does not sell stock, nor can it 
be found in the Wall Street Journal. Be
cause Minnesota, Inc. is not a corpora
tion at all, but rather an idea proposed 
by the Institute of Technology Dean 
Roger W. Staehle. 

"We are approaching a time on our 
planet when we have to worry about 
shortages," explains Staehle. "We 
don't have shortages yet, but there is 
the beginning of shortage that we can 
see. But the more significant aspect of 
that is that 25 percent of the planet is 
consuming most of the resources. And 
if they're beginning to see the short
age, suppose the rest of the world 
wants to consume at the same rate 
... ? And so now we begin to think long 
term about what shortage does, the 
way we educate people, the way we 
build our institutions." 

The technology to prevent shortage 
does exist. We are beginning to move 
toward what Staehle calls World Soul, 
where "technology has given us theca
pacity to interact with any human be
ing on the planet - face-to-face, and 
transmit hard copy." The technology 
exists - and with the speed of light. 

Aside from increasing technology, 
Staehle points out that we can now in
crease our humanity much more 
quickly. Interacting with more and 
more people, with thousands of years 
of culture behind us, Staehle con
cludes we have two options in front of 
us. We can either "create a better, 
more evolved human being," or "we 
can be like Gulliver among the Lillipu-
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tians - become totally rigidized, with
out any capacity to develop our being." 
So the question arises: With our tech
nology, what do we do with it? 

One useful "tool" used to reap the 
harvest of technology is the organiza
tion. If you want to get educated, you 
organize a university. If you want order, 
you organize a government. All of 
these institutions organized are tools 
of the people, created for the people 
and by the people. 

There's a very interesting law about 
organizations, though," Staehle re
marks, "and that's that once they've 
been organized, they have a tendency 
to turn inward and stabilize their sys
tems, and they tend to build a barrier 
between the people of the institution 
and the beings that actually called it 
forth." We now have the problem of the 
relationship between the people and 
their institutions. 

"What we have to do is create the 
pattern for which these institutions 
can begin to work together ... working 
together is better than working apart, 
especially when we have shortages. 
Our essential future, our essential 
dream is tied up in the possibility of 
collaborating." Enter Minnesota, Inc., 
a statement - not about an organiza
tion - but about an ethic of collabora
tion, finding ways to collaborate for the 
common good. 

"In a sense, by not making it into an 
organization, it makes the ultimate or
ganization," Staehle explains. "It says 
that these initiatives have to come 
from the hearts and souls of the peo
ple. It means working together, sharing 
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resources, meeting our needs and 
strengthening the quality of life." 

How do we get there? It means that 
when we organize institutions, we 
want to think about these institutions 
in terms of producing collaboration, 
and getting people to work together. 
The Institute of Technology is under
taking a number of projects which are 
specifically aimed at collaboration. 

One such project was the formation 
of the Microelectronic and Information 
Sciences Center. M EIS provides, 
among. other things, collaboration 
among industry, university, and gov
ernment, optimum sharing of expen
sive facilities, and a better informed 
public. 

To fulfill these objectives, the MEIS 
Center involves: 
@ University-industry cooperation; 
@ Research, the commitment of which 

is to work on cutting-edge problems; 
and 

@ Education. 

A second project IT is undertaking 
is to build a collaboration between it
self and the K-12 schools. "By the time 
students come to the University, their 
vectors are set. We can't make a silk 
purse out of a sow's ear, but we can 
help develop that student into a superi
or person professionally," Staehle 
says. "Industry also has everything to 
gain from this. Ten years later people 
will come into their industry better edu
cated, brighter, (more) able ... and the 
public that doesn't go into science, in 
the sense of technology, becomes a 
better educated public - more com-



Scott Dacko, when 
he's not at his job or 
pitching in at ITSB, 
does a I it tie of 
everything while serv
ing as Technolog's 
token CivE major. 

A Word About Dean Staehle 

Dr. Roger W. Staehle became dean of the Institute of 
Technology on February 1,1979. Before this, Staehle 
taught as a professor of metallurgical engineering at 
Ohio State University since receiving his Ph.D. there in 
1965. 

Staehle is a member of the National Academy of 
Engineering, and recently received the Willis Rodney 
Whitney Award from the National Association of Corro
sion Engineers. He e.dits three professional periodicals 
dealing with his specialty of corrosion engineering and 
has organized several International conferences in this 
field. 

Minnesota, Inc., a statement about an ethic of collaboration, is an extension of Dr. 
Staehle's attitudes about the state of Minnesota since he became a member of its 
academic community. 
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fortable to science and technology." 
Regarding education, Staehle notes 

that it's very important that we reex
amine science and mathematics in the 
schools. "There is no physical law I 
know that doesn't have social and 
spiritual validity." he says. "The stu
dent must be prepared to accept a 
broader validity to science and 
mathematics than just working 
homework problems." 

A third project undertaken by IT is 
the formation of the Minnesota 
Technology Center. Its purpose is to 
facilitate the translation of what is 
done in IT directly to the public. 
Through the Minnesota Technology 
Center, it will work directly with Min
nesota industry and state and local 
governments to resolve the perplexing 
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ENGINEERING 
OPPORTUNITIES 

questions of energy, environment, and 
productivity. In so doing, it will en
courage collaboration among the 
University, industry and government. 

These are tangible results of Min
nesota, Inc. So you see Minnesota, Inc. 
affects everybody. In the long run, Min
nesota, Inc. will increase the quality of 
our education and increase our 
state's-and nation's- productivity. 

Why Minnesota? Dean Staehle puts 
it this way: 

"Minnesota is a place that 
believes in people. It's a place 
where people take public respon
sibility well. They are concerned 
with the quality of humanity and 
the quality of life. 

Minnesota is in the center of 
the North American continent. 
People are affected by the land,· 
in subtle ways you don't see, but 
all the same they'~e affected. 
This gives the people here a 
spirit. And as we construct these 
ideas in Minnesota, it won't only 
be valuable to us, but to the na
tion as well. 

It appears to me that in Min
nesota we have an obligation to 
begin developing institutions; we 
have got to do this on the state 
level, starting with the people-
building institutions which can 
work and be a model for the na
tion." (~ 

At Litton Microwave Cooking Products you have a lot to work 
for as part of one of the largest microwave engineering staffs. 
New opportunities and challenges arise continually in our 
innovative engineering environment. So do technological 
breakthroughs. We've made the major engineering innovations 
that have revolutionized the microwave oven. We believe our 
engineers should have the finest resources and we back that 
belief in a commitment to technological and professional 
progress in our sophisticated Minneapolis engineering 
headquarters. 

As a growing industry leader we have immediate opportunities 
for: 

• 
• 

echanical Design Engineers 
uali E ineers 

• Manufacturing Engineers 
• Electronic Design Engineers 
In addition to the professional challenge, Litton offers highly 
competitive compensation packages. Join Litton and fully 
develop your career. 

Utton will be on campus February 2, 1981 
Sign up at your placement office for our February 2nd interview 
date or write: J. Vencill, Dept. 806, litton Microwave Cooking 
Products, 1405 Xenium Lane, PO Box 9461, Minneapolis, MN 
55440. An Equal Opportunity Employer M/F/H. 

I 
Microwave Cooking 
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It can be an exciting picture for a new 
engineer or science graduate. Because 
Kodak is rapidly accelerating into the elec
tronic technology of tomorrow. We need 
bright ideas and fast thinking to help us 
apply this technology to the more than 
30,000 products Kodak markets. 

That leaves no time for leisurely appren
ticeships. You could find yourself immedi
ately in projects involving microprocessors, 
microprocessor controlled servo systems, 
laser writing, digital data processing, an
alog signal processing, input/ output inter
facing, opto-electronics, or experiment 
monitoring and control equipment. 

©Eastman Kodak Company. 1980 

••• 

You may work on designing products, 
developing components that go into prod
ucts, or creating equipment to manufac
ture components and products. 

If you're interested in a career in elec
tronics and have a degree with course work 
to match your interest, we look forward to 
discussing the diversity and opportunities 
you can enjoy with us. See a Kodak campus 
recruiter, or send your 
resume to 

Personnel Resources, 
Eastman Kodak Company, 
Rochester, NY 146 50. 

An equal-opportunity employer (f/m) manufacturing photographic products, fibers, plastics, and chemicals with plants in Rochester, N.Y.; 
Kingsport, Tenn.; Windsor, Colo.; Longview, Tex.; Columbia, S.C.; Batesville, Ark.; and sales offices throughout the U.S.A. 
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The electric car you see here is one of a pair of 
experimental vehicles GE is developing for the De
partment of Energy. 

With a projected range of 100 miles at a con
stant 45 mph, it's so much better than previous 
models that there's hardly any comparison. 

What's made this big difference is elec
tronics. A GE-designed microcomputer manages 
energy flow throughout the propulsion system, regu
lating power demand to extend the car's range. 

The power-conditioning 
unit contains another major GE 
innovation: special high-power 
transistors. · 

They're the world's most 
efficient high-power transistors, 
capable of switching 400 volts and 
350 amps on or off in less than a mil
lionth of a second. Yet the silicon 

chip that contains them is less than half the size of a 
postage stamp! 

These high-power transistors have three 
important functions. 

They regulate the speed, torque and accelera
tion of the car's DC motor. 

Their high-frequency characteristics also make 
them ideal as components for the car's over
night charging system. 

Finally, the transistors play a big role in the 
car's regenerative braking system. They help change 
the motor automatically into a generator, supplying 

MICROCOMPUTER 

POWER-CONDITIONING UNIT WITH 
HIGH-POWER TRANSISTORS 

TRANSMISSION 

ill 

1 s 
braking power to the wheels and producing current 
to partially recharge the batteries. 

What's coming down the road after this 
advanced vehicle? GE engineers are developing one 
that's even more advanced. It's a hybrid that will 
burn far less fuel than an all-petroleum-powered car 
and have even greater range and power than the 
all-electric. It too will feature microelectronic con
trols ... but of even greater sophistication. 

Looking for new and practical solutions to 
transportation problems is just one e,xample of 
research in progress at GE. We're constantly inves
tigating new technologies, new materials and in
novative applications for existing technologies- in 
such areas as energy sources, motors and drives, 
aerospace systems. 

This takes talent- engineering talent- not 
just in research and development, but in design and 
manufacturing, application and sales. 

If you'd like to know more about engineer
ing opportunities at GE, send for our careers 
booklet. Write to: General Electric, College 
Communications, W1D2, Fairfield, CT o6431. 

Progress for People. 

GENERAL ELECTRIC 
An Equal Opportunity Employer 
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In today's complex techno~ 
logical society, it takes 
exceptional planning and 
engineering to build a better 
tomorrow. The Corps of 
Engineers' dedicated civil
ian professionals ... 
engineers, planners and 
environmentalists, biolog
ists, economists, landscape 
architects ... are working 
on a variety of jobs in a 
variety of places in the U.S. 
and overseas to improve 
and protect the quality of life 
for all citizens. We plan, 
design, construct and 
operate water resource 
projects, build and improve 
our nation's ports and 
harbors, build hospitals and 
housing projects for the 
Defense Department. The 
development of these proj
ects must be carefully 

II II II 

balanced with the pres
ervation of our natural 
environment. The balance 
is precarious, the challenge 
extreme. As a civilian 
employee with the Corps of 
Engineers you will be 
joining an organization that 
believes people are our 
most important asset. 
People who respond to a 
challenge with commit-
ment, ill and innovation. 
You can help us meet 
the challenge. Ask us and 
we'll tell you more about a 
career with the Corps 
of Engineers. 

US Army Corps 
of Engineers 

An Affirmative Action 
Equal Opportunity Employer 

Corps of Engineers/Department of the Army/Washington, D.C. 20314 



Powerful Programmable Calculator 
Texas Instruments 

Programmabi~S 
advanced programmable colculotor 

with plug-in Solid State Software 'modules 
and new Constant memory 'feature 

Tl is offering mail-in rebates on 
several of their calculators. Stop 
in MSA Student Store for more in
formation. 

TRUM 
INCORPORATED 

BA 
BAll 
MBA 
Tl30 
Tl35 
Tl55 
Tl57 
Tl59 
PC100-C 

Retail 
$ 25.00 

50.00 
70.00 
22.00 
25.00 
40.00 
60.00 

299.95 
225.00 

MSA 
$ 17.00 

33.75 
52.50 
13.95 
19.00 
29.90 
44.50 

230.00 
165.00 

Minnesota Techno/og, Winter II, 1981 

$95a00 
.. 1 0§00 
$85.00 

MSA'S 
PRICE 
MAIL-IN 
REBATE 

YOUR 
COST 

(Reg. retail price $124.95) 

Ground Floor Coffman Union 
Open M-F 8-7, Saturday 11-4 
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"Science routinely prods science fiction. One has 
only to read the science fiction written in the late 1930s 
to see how abysmally blind it was to what was about to 
happen. Story after story talks about radium as the won
der metal of automatic energy; not one talks about ura
nium. Story after story talks about robots; not one talks 
about the computer. Science fiction is very occasionally 
prescient, but for the most part it is a humble follower of 
science." 

-Isaac Asimov 

It seems true, doesn't it? Science fiction, apparently devoid of any actual powers 
of prognostication, can only build on what it can see and imagine- what exists and 
what might be. And it does seem pitiably reliant on the status quo. 

Even in popularized, albeit quasi-scientific, sf of the celluloid persuasion such as 
Star Wars, products of high technology not yet conceivable today (viz., 'droids-with
character such as Threepio and Artoo) are basically modeled on human qualities. A 
sf writer, you see, only has to make the proposed cyborg, gadget, or concept believ
able; he doesn't have to make map it out or debug it to the nth degree. Sometimes he 
doesn't even have to make you believe it; in many sf stories, it's taken for granted 
the opening premise is forever impossible, at least by known physical laws. We all 
know, "Of course, this couldn't be true," yet just the same we tell ourselves, "But 
just for the sake of the story, let's assume ... " 

I wonder if any aptitude to presage that sf might appear to possess is merely cor
related to a more-approximated-than-not extrapolation from the basic human quali
ties on which the so-called "predicted" gizmo was originally conceived. 

In any case, it exemplifies that aspect of the human spirit incarnated in scien
tists and science fiction writers that continually stretches for the stars and mutely 
cries for liberty from base terrestriality. 

Steve Deyo, though 
told that his body 
cells are replacing 
themselves com· 
pletely every few 
months, insists he 
has empirical evi· 
dence that this is not 
true. 
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The ELECTRONICS and SPACE DIVISION of 
Emerson Electric. Broad~based in product line. 
International in scope and influence. An innova
tor ... setting the standards that others will 
follow for years to come. Emerson lists Flexible 
Armament Systems, Tactical Rockets, Airborne 
Ground Sensors, Radar and much more among 
its accomplishments. 

~--------CAREER OPPORTUNITIES 

Design 

Structural Analysis 

Systems Analysis 

Failure Analysis 

Optics 

Electronic Systems 

Product Assurance 

Logistics 

Computer Applications 

Finance 

Planning 

Administration 

Quality Assurance 

Manufacturing 

Procurement 

Cost Estimating 

Contracts 

Plant Engineering 

Program Management 

Marketing 
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Emerson's ELECTRONICS and SPACE DIVI
SION is located in St. Louis, Missouri. Historic, 
Cosmopolitan. St. Louis is a city that boasts 
many recreational and entertainment opportuni
ties as well as a superior standard of living. 

The ELECTRONICS and SPACE DIVISION of 
Emerson leads the industry in quality and inno
vation. We offer top salaries and comprehensive 
benefits, as well as a superior professional en
vironment. To learn more about these and other 
career opportunities, write to: 

Manager, Personnel Resources 

Electronics~ S1 cz "vision 
EMERSON ELECTRIC 
8100 W. Florissant 
Station 2627 
St. Louis, MO 63136 

equal opportunity employer m/f 



Sc ® 

IC 

....... 

~ l 
~- ),~ 

\. 
~- \. 

') .. 

\ \ 

8 

.. .~)'!---/; 

( 
\ 

Minnesota Technolog, Winter II, 1981 

' 

by David G. Gustafson 

I was just cleaning up from a long 
day's painting when the phone rang 

and somebody that I didn't know told me 
that my fiancee was in the hospital, dying. I 
rushed out of the studio and didn't come 
back for six days. When I came back, it was 
all over. She was dead. I walked slowly 
around the studio, automatically straight
ening up and cleaning. Then I got out her 
painting, the one I had done of her, and 
looked at it for awhile. The damned portrait 
was so bloody lifelike that it made me feel 
worse instead of better. The whole studio 
made me think of her, so I left. 

I drove around in my Datsun for a couple 
of hours, not caring how much gas I 
wasted. I finally stopped in a little park by 
the river and just sat and stared at the river 
and the University buildings up on the 
bluffs of the other bank. Then I opened the 
book that was lying on the passenger seat, 
the medical text that Anastasia's doctor 
had loaned me when she'd realized what my 
fiancee was dying of, four days before. I 
hadn't felt up to reading it then, but I now 
opened the book to the spot the doctor had 
marked, hoping to occupy my mind for 
awhile. 

The disease was called Huppert's Dis
ease (so the book said), named after the 
first known victim of it, a woman who had 
died a year or so before. It was a wasting 
disease, with no known cause or no known 
cure. Its early symptoms were listlessness, 
declining spirit, and lack of energy. These 
would last for several months, and then the 
end would come quickly, in about a week. 
The last week was the worst. The victim 
would dry out like a piece of fruit that's 
been left out in the sun too long. That was 
what had happened to Anastasia. In six 
days she'd gone from a beautiful, black
haired, green-eyed, 29-year-old to a shriv
eled, shrunken, dried-out living corpse that 
looked 95 years old. Even on the rare occa
sions that she'd had the energy to speak, 
her voice had been dull and lifeless. I wiped 
my eyes dry and looked back at the book, 
hoping it would distract me for a time. 

There had been only seven known cases 
of Huppert's Disease (the book continued), 
and all seven victims had lived in New Eng
land, mostly in the Boston area. I smiled bit
terly. How sad for the author. The article 
was only a few months old and already out 
of date. I turned the page and looked at the 
case histories of the seven, complete with 
before-and-after pictures. 



I froze when I saw their pictures. The 
seven consisted of a young woman, a mid
dle-aged woman, two young men (brothers), 
an old man, and a young married couple. 
And I recognized them, all of them - or 
thought that I did. I started the car and 
drove home as quickly as I could. When I 
got there, I searched the studio until I found 
my album, the one with large photographs 
of every painting I've ever done. I found it, 
leafed quickly through it until I found the 
pages that I wanted, and sat down on the 
couch to compare the pictures in the two 
books. 

They were the same people that I'd 
painted the summer before- right after I'd 
bought that old book in the bookstore in the 
old New England seaport. A book with no ti
tle and no named author. A very old book in 
very old Latin. A book of magic. Magic that 
worked. 

The book had had a spell in it that I'd 
stumbled across while translating pas
sages (or trying to; my Latin is very poor) 
with an English/Latin dictionary that I'd 
bought. The spell, as near as I could figure, 
was on how to improve a work of art - spe
cifically, a painting. I'd tried it, just for fun, 
and it had actually worked: the painting I'd 
done of a woman (whose name, I now re
called, had been Huppert) had improved. 
Not quickly, and not in any one thing that 
you could point to, but it had improved. The 
painting seemed more alive, far more life
like, and far better than anything I'd ever 
painted before. I tried the spell on four other 
portraits and on a landscape before the 
summer was over. All the paintings had im
proved in the same way. And, as it turned 
out, all the subjects of those paintings had 
died in the same way, courtesy of that pro
mising young artist, Winston P. Bertram 
(me). It couldn't have been a coincidence. 
Somehow I'd killed those seven people by 
painting them - and I'd killed Anastasia. I 
got off the couch and poured myself a 
Coke. I thought about going out and getting 
something stronger, but decided that it 
wouldn't help. I looked at my watch. It was 
getting late. I went to bed and tried to sleep. 

I got up early the next morning and went 
over to the University. After a little search
ing, I managed to find an old friend of mine 
that was going for his Ph.D. in medieval Eu
ropean history. I knew that he spoke Latin 
like a Roman, and, after we'd exchanged 
greetings, condolences, and some sup
posedly witty insults, I talked him into 
translating a few passages out of my old 
book for me. 

"Well, Phil, what does it say?" 
"Stop breathing down my neck. Sit down 

and shut up for a minute, will you?" 
I sat down and stared out of his office 

window at the river, far below and on the 
other side of a building, some trees and 
some oil-storage tanks. Classes must've 
just let out. Lots of people were crossing 
the bridge over the river that connected the 
two halves of the campus. An empty barge 
pushed by a tug was slowly coming around 
the bend in the river, making its way up
stream toward the locks slightly north of 
the University. I could hear Phil scribbling. 

"Okay, Winston, here it is. You want a 
summary or word-for-word? I don't guaran
tee either one. This is pretty weird stuff, and 
it's in very bad Latin with a little Greek in 
Roman letters thrown in. It's also in pretty 
flowery language, so some of it's a little 
unclear." 

"Give me a summary." 
"Fine. Basically, this seems to be some 

sort of magic spell. I'm not much into the 
black arts, so I don't claim to understand 
this. But, near as I can tell, this seems to be 
some sort of spell for improving artwork. 
Supposed to make art better, or more at
tractive, or something like that.· Right up 
your alley, right?" 

" 'Course, this is black magic, so there is 
a drawback. Seems this spell makes the art 
better by sucking the life out of the subject 
and putting it in the painting. I don't know if 
that means that it imprisons the soul of the 
subject in the artwork, but that seems a rea
sonable interpretation. To me, at least. And 
it doesn't say so, but I rather imagine that 
it'd be fatal. Seems likely, don't it? Might be 
worse if it didn't kill the model. Oh, yeah, 
one other thing. Either it's irreversible or the 
fruitcake that wrote this didn't know the re
versing spell. He doesn't mention one." 

"Well, Phil, thanks for your help." I rose, 
picked up the book and turned to leave, but 
Phil called me back. 

"Hey, Winston, what's this all about? 
Where'd you get that dusty old book? I 
know some of the librarians would love to 
see it; it looks damned ancient. You going 
into the sorcery business?" 

I somehow didn't think Phil would be
lieve the truth, or at least what I believed to 
be the truth. He liked to boast that he was a 
"realistic, rational, pragmatic practicalist" 
and also considered himself a professional 
sceptic and cynic. So I thought up a fast lie. 

I managed to grin back at him. "No, it's 
just a favor for a guy I know that's doing a 
book on sorcery and witchcraft. He wanted 
to get a second opinion on the translation 
of this passage." 

"Do I meet his standards?" 
"Hope so." 
"Is he pro- or anti-sorcery?" 
"You'd love hating him. He's very much 

pro-. I've gotta be going, Phil. See you 
around." 

"Be seeing you." 
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I left the office that he shared with other 
teaching assistants and the grin fell off my 
face. I rode down in the elevator with the 
book under my arm, went out to the parking 
lot, and sat in my Datsun for awhile. That 
settled it. I'd done it. I'd killed the lot of 
them. No way it could be a coincidence. I 
hadn't known it, but I'd killed Anastasia just 
as surely as if I'd put a gun to her head and 
pulled the trigger. I went home and looked 
at her painting again. It was beautiful, it 
was superb, it was her. A magnificent work 
of art, my masterpiece. 

I took my magnificent work of art off the 
wall where it hung and placed it gingerly in 
the fireplace. Then I went into the bathroom 
and brought a bottle of rubbing alcohol into 
the studio. I poured the alcohol all over the 
painting, wiped my hands carefully dry, lit a 
match, and tossed it onto the painting. It 
burned magnificently. 

They say that fire purifies. I hope they're 
right 

Five days later I was in Boston, tracking 
down the paintings of the people I'd killed. 
It wouldn't do them any good, of course, but 
it made me feel like I was doing something. 
I went back to the portrait gallery I had 
worked in to begin my search. The paintings 
weren't hard to find. 

One had been destroyed already when 
the house it was in had burned down. The 
others were easy to take care of, though 
somewhat risky. I simply broke into the 
houses they were in (late at night, of 
course), put the painting into a fireplace or 
took it outside (someplace where it 
wouldn't burn the whole house down) and 
set fire to them. It's surprisingly easy to 
break into most houses. The police almost 
got me once, but I managed to escape into 
an all-night house of ill repute. I knew that 
the police would catch onto the pattern of 
burnings eventually, but I wasn't all that 
concerned about the future. It took me a 
week to find and burn all four portraits that 
were left. I couldn't bring the dead back to 
life, but maybe burning the paintings would 
count for something. 

And then there was only one thing left 
for me to do. There was one more painting 
I'd used the spell on. The landscape. The 
painting I'd done of a small valley in West 
Virginia, years before. I'd used the spell on 
it as an experiment, to see if the age of the 
painting affected the use of the spell. It 
hadn't. The painting had improved, just like 
all the others. I didn't know if the spell 
could kill an entire valley, but I had to find 
out. And there was no way, in this case, to 
find and burn the painting. A South Ameri
can had seen it hanging in the gallery, had 
taken a fancy to it, bought it, and taken it 
home with him. I didn't know his name or 
even what country he was from. I'd just 
have to find the valley again and see if any
thing had happened and try to do some
thing if something had. I checked out of my 
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hotel, got into the used car I'd bought in 
Boston (I'd sold the Datsun for traveling ex
penses back west), and headed south. 

It was what I was afraid of, only worse. 
The valley wasn't dead, not exactly. 

Death would have been much better. It had 
been devastated. It had been corrupted. It 
had been blighted. And I had done it. 

I got as much information as I could 
from a newspaperwoman who ran a small 
newspaper in a nearby valley. She said that 
the blight had started about eight months 
before (about six weeks after I'd cast the 
spell -the spell's usual timing - but she, 
of course, had no way of knowing that). It 
had started with plants dying or growing un
naturally. Infants and small children sick
ened and died. So did animals. The crops 
failed - the plants were stunted and their 
misshapen fruit was inedible. Then adults 
began to die. 

By now, the whole valley was deserted. 
Everybody had died or fled. The vegetation, 
according to the few people who had ven
tured (briefly, and not very far) into the val
ley, was either dead or misshapen. The "al
tered" plants had grown fantastically, and 
had completely overgrown all the deserted 
buildings. There were also vague reports of 
odd-looking "animals" in that forest, but 
since quite a few inhabitants of that valley 
were unaccounted for, nobody much talked 
about that. 

I talked to a few more people, but found 
out little more. Nobody knew anything 
more. So I finally made up my mind that I'd 
have to do something. I drove to all the 
small towns near the valley, buying sup
plies. I bought gasoline, kerosene, alcohol, 
anything that would burn. I also bought a 
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couple of boxes of emergency flares at ga
rages. I tried to find a Very's pistol, but the 
owner of the sporting goods store looked at 
me in a manner which made me believe that 
he had doubts about my sanity. I didn't 
blame him; I guess flare guns aren't often 
used in forests. Heavy boots, heavy clothes, 
heavy gloves, and a machete rounded out 
the list. I dressed, loaded the rest of the 
stuff into the old station wagon I'd bought 
in Boston, and early on a windy chilly morn
ing, drove into the valley I'd killed. 

The valley was quiet. There were no peo
ple noises, of course, but there were no ani
mal noises, either. Not even birds. The car 
engine was the only sound within earshot. I 
turned the radio on, but turned it off after 
only a few minutes. The loud, cheerful mu
sic seemed out of place. 

I was amazed at how much the road had 
been overgrown in only eight months. Vines 
and creepers of all sorts (none of which I 
recognized) covered the road completely, 
and larger plants were working their way 
onto the sides. I drove slowly, carefully. I 
wanted to take no chances on the car 
breaking down. I felt that this would be no 
place to try to walk out of. Hell, I didn't even 
want to get out of the car at all. But I did, as 
soon as I'd reached a small ridge in the 
northern part of the valley. The strong wind 
was out of the north, you see, so I was at
tacking from the north. 

I parked the car in a slightly overgrown, 
vine-covered "clearing" that I guessed had 
once been a parking lot, near a mound of 
overgrown, foul-smelling vegetation that 
had once been a building of some sort. I 
pulled a stocking cap onto my head, put my 
gloves on, got out of the car, and began to 
unload my supplies. 
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I unloaded what I needed quickly and 
was soon pouring gasoline and other com
bustibles over the vines and weeds, well 
away from the car. I was planning on set
ting fires in chosen spots all along the 
northern part of the valley. The idea was 
that the strong northerly wind would spread 
the fire and (with luck) burn down the entire 
valley. Not in the best tradition of Smokey 
the Bear, but perhaps even Smokey 
would've agreed about this particular 
valley. 

I finished off my first few cans of gaso
line, pulled my feet free from some vines 
they'd gotten tangled in, and went back for 
more. Rubbing alcohol, this time. After half 
an hour or so, I'd covered a pretty large 
area. Then I stood for a few minutes and 
looked out at the valley I'd killed -the val
ley I was now going to drive a stake in the 
heart of. 

I turned around to go get a flare to start 
the fire, tripped, and fell. My feet were tang
led up in another bunch of vines, this bunch 
covering the tops of my boots. How had I 
... ? I tried to pull my feet free. They were 
stuck fast, wouldn't budge. I stared at the 
vines on my feet in disbelief. They couldn't 
be that strong. I looked closer, and real
ized that I could actually see them moving, 
slowly inching toward my ankles. 

I pulled the machete out of my belt and 
hacked at the vines, cutting my boots as of
ten as the plants. I was soon free. I jumped 
and ran to the car. The bottom half of each 
tire was covered with vines. 

I quickly unloaded everything from the 
back of the station wagon. The hell with my 
plan, I was getting out of this bloody-awful 
place, fast. I dumped all of the gasoline, 
kerosene, and alcohol I had on the area I'd 



soaked. All the flares, too. I saw that the 
vines and creepers in the area I'd covered 
were moving around, slowly trying to get 
away from the soaked ground. That re
minded me to put a couple of quarts of kero-
sene and a small box of flares back in the 
car, just in case. I got in the car, started it 
up, and got out again, leaving the door 
open. I then walked over near the gasoline, 
lit a flare, stepped back a few more feet, 
tossed the flare onto the ground, and ran 
for the car. 

The dry creepers were burning nicely 
and the flames were slowly spreading 
toward the inflammable area when I got to 
the car. I closed the door, released the 
brake, put it in gear, gave it some gas ... 
and nothing happened. The car didn't move. 
The engine sped up, but the car didn't 
move. I gave it more gas and it moved a lit
tle, but not much. I started rocking it. 

I told myself that the vines couldn't be 
that strong, they simply couldn't be. Just 
wasn't possible. But I didn't convince 
myself and the car still didn't move. And the 
flames were getting closer to the area 
soaked with gas and kerosene. 

After a few more seconds of rocking, I 
felt the vines start to give. I gave the car as 
much gas as I dared, and it ripped free. I 
drove quickly out of the parking lot and 
sped down what remained of the road. A 
few seconds later, I heard an explosion as 
the cans and bottles I'd left behind me 
caught fire and went up. I could see lots of 
smoke in the rear-view mirror; I hoped that 
there was fire to match. 

I drove slowly out of the valley. I could 
see the flames growing behind me. I just 
hoped that they'd do some good. I knew 
that it would take me awhile to work up the 
nerve to try again if they didn't. I drove 
along the road I'd come in on, driving 
slowly, and had managed to relax a little, to 
forget (if only for a short time) about those 
vines, when an animal jumped out of a 
thicket and crashed through the front pas
senger window. 

It hung there, half-in and half-out of the 
window, snarling and clawing at me. I 
leaned as far to the left as I could and 
reached about for the machete while trying 
to slow the car down without running it off 
the road and wrecking it. I couldn't find the 
machete, but my fingers closed on a bottle 
of kerosene. I smashed it over the thing's 
head. The bottle shattered and the creature 
drew back, screaming and clawing at its 
eyes. By this time the car was stopped, so I 
grabbed one of the flares, ignited it, and 
stuck it in the thing's face. 

It fell from the car window, screaming, 
the entire top half of its body in flames. 
Some of the car upholstery was burning, 
too, but I managed to beat it out with my 
Jacket. When I was sure all the flames were 
out, I doused my small burns and scratches 
with alcohol. I hoped that that would disin
fect anything the creature might've had on 
its claws. Then I drove out of the valley as 
fast as I dared and tried hard not to think 
about the fact that the beast had run from 
the road back into the underbrush on two 
legs. 

The valley didn't burn down. A large part 
of it burned, but then the fire just died out 
for no apparent reason and most of it was 
left untouched. I tried to go back in a few 
days later to try again (better prepared than 
the first time) but found that what was left 
of the roads had been blocked by fallen 
trees. Not cut, just fallen for no apparent 
reason. Quite impassable. And I knew that 
if I went in on foot, I wouldn't be coming out 
again. Several of the firemen who had gone 
in before it had been decided to let the fire 
burn itself out hadn't returned. And I had an 
odd feeling that the valley had a "grudge" 
against me. So I got in my car and left. I 
went home. 

I sat around in my studio for a few days, 
thinking. I'd done my best in the valley, but 
it hadn't been nearly enough. And I couldn't 
think of anything that would be enough 
short of a large, well-armed strike force or a 
small nuclear weapon. Both alternatives 
were considerably out of my field and be
yond my budget. 

I thought about everything that had hap
pened, everything that I'd done. I thought 
about Anastasia. And then I knew what I 
had to do. I'd known for awhile, but hadn't 
wanted to admit it. 

I got out my paints and my brushes and 
an easel and a canvas, and I began to paint. 
I painted quickly, and was soon done. It 
wasn't a masterpiece, but I knew that it 
would improve once the final touch was 
added. Still, it wasn't a bad likeness. It's 
much easier to paint with a mirror image as 
your model than I would have thought. 

I unlocked my desk, took the large tin 
box out of it and unlocked that. I then un
wrapped the newspaper-covered package 
containing the old book that I'd bought in 
the old bookstore in the old New England 
seaport I set it on the coffee table, sat 
down on the couch, opened the book to the 
page I'd marked, and looked up at my self
portrait, which I'd placed on the chair on the 
other side of the low table. I thought about 
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what would happen once I'd performed the
irreversible spell, then got up to gather the 
few materials I'd need. Within a few min
utes I had them; I lit a small fire in the fire
place to heat the chilly studio, and sat 
down again. 

I arranged the materials, lit a candle, and 
turned off the table lamp. Then I sat quietly 
for a few moments, composing myself. I 
was as ready as I'd ever be. I picked up the 
dish of salt in one hand, the book in the 
other, began stumbling over the crude Latin 
of the incantation . . . and slammed the 
book shut. 

What good would killing myself do? This 
wasn't a bad movie, this was real. Killing 
myself, dramatic thought it would be, 
wouldn't atone for my sins or bring Anasta
sia or any of the others back to life, it would 
just kill' me. It would just carve another 
notch in the score of that damned book. 

No, killing myself wouldn't do. I couldn't 
help anybody that I'd killed, but I'd started 
something monstrous in that valley, and it 
was my job to finish it. Or to make the valley 
finish me. I didn't have any right to take the 
easy way out. 

I leaned back on the couch, wondering if 
I could find a priest who would believe my 
story and perform an exorcism on that val
ley. Or perhaps a flamethrower or two, if I 
could obtain one, would be more effective. 
Perhaps both. 

I tossed the old book in the fireplace. It 
burned rather well. (nCHNoLoo] 

David Gustafson is a 
graduate student in 
history. He says he 
likes to fence, and 
wants to begin collec· 
ting books. Old, crusty 
latin ones, Dave? 
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by John Bartelt 

General Sir John Hackett and others, 
The Third World War: August, 1985; 
Macmillan, 1978; 415 pages 

his book, while obviously fic
tion, can not be called a novel in 

the usual sense of the word. There are 
no real characters, except in brief 
scenes. It is written as a future history: 
it pretends to be a book written shortly 
after the war between NATO and the 
Warsaw Pact nations for the domina
tion of Western Europe. It tries to ex
plain the forces that brought about the 
war, and the events that shaped its 
conclusion. 

The main author is a former NATO 
general, as are several of the other con
tributors. They bring a wealth of detail 
and incredible authenticity to the book 
- though a bit too much detail, some
times, for rne. I started skimming some 
sections, being more interested in the 
action than the background. And as 
with any prophet who tries to be 
specific, some of the book's predic
tions have already gone awry: they did 
not anticipate the fall of the Shah of 
Iran, and expected Jimmy Carter to win 
re-election. But these are details. The 
book can certainly serve to increase 
your understanding of world affairs, 
and your paranoia toward the USSR. 

The authors' point of view on 
defense-spending is also obvious. 
They use a phrase like, "The im
provements made in this area of 
defense since the late 1970s were 
great, but just barely adequate," many 
times. Nevertheless, the book can be 
interesting! to two groups of people: 
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those interested in military planning 
and international politics who will 
want to read it carefully and closely; 
and those who are interested in what 
might happen in the next five or ten 
years, who might want to skip some 
parts, but should take a look too. 

M.A. Foster, Waves; DAW, 1980; 256 
pages 

his is Foster's fourth novel, a 
short career yet, but every one of 

his books have been intriguing. This is 
a concept novel, as all but The Day of 
the Klesh (his third) might be called, 
and while the concept is not as ob
viously earth-shaking as his previous 
ideas, this is a better novel. 

Fraesch has been hired to take over 
as manager at an out-of-the-way re
search station, under circumstances 
that are strange at best, and perhaps 
as deadly for him as it was for the pre
vious manager. The last manager died 
in a computer explosion (yes, Fraesch 
also knows that computers don't ex
plode), and the only thing that is more 
suspicious than the explosion is the 
work that the station is involved in, and 
the company which is running the sta
tion. The other replacement who ar
rived when Fraesch did is not what she 
seems to be, and yet more than she 
lets on ... 

Who is· working for whom? How 
many groups are involved in the re
search which could have far-reaching 
effects for all of civilization? Who 
killed the manager; what are the 
strange rites that the other employees 
engage in, and what are their signifi
cance? This is an excellent puzzle 
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story, and the writing brings the story 
out in a very calm and totally engross
ing manner. M. A. Foster is a writer to 
watch closely. 

Roy Torgeson (ed.), Chrysalis 8; 
Doubleday, 1980; 211 pages 

collection with a good balance 
of stories by new authors and old 

hands, the former carried by the latter 
until they, in turn, can become well 
enough known in their own right. In a 
quick run-down ... 

"You Are My Sunshine" by Tanith 
Lee, a weird hard-science story that 
will floor you. "Beachcomer" by Mike 
Resnick, a Goulart-like robot story -
fluff. "Emily Dickinson - Saved from 
Drowning" by Barry Malzberg, utter 
crap. "The King is Dead, Long Live- " 
by Jayge Carr, a murkily written story 
that runs out of steam. "Hart's Hope" 
by Orson Scott Card, a wonderfu I fan
tasy told in Card's clear, concise style. 
This is definitely the major story here. 
"Wryneck, Draw Me" by Margret St. 
Clair, a strange variant on Ellison's "I 
Have No Mouth." I'm not sure if the 
protagonist is worth caring about or 
not. "The Cathedral in Dying Time" by 
Sharon Webb, an allegorical story in 
which the allegory seems wasted. 
"Proteus" by Paul Cook, weird and dis
turbing like the Tanith Lee story. 
"Angel's Wings" by Somtow Sucharit
kul. A woman living away from her hus
band finds that growing up and matur
ing on her part make her better able to 
understand her husband and his work. 
"Filmmaker" by Steve Rasnic Tern, 
useless tripe. "Crocadile" by R. A. Laf
ferty. I couldn't read it, but I can't read 
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most of Lafferty, so it might still be 
good Lafferty. "Barrier" by Leanne 
Frahm, the~ old "containment of hu
manity" story with a totally new, totally 
real twist. 

I would say that Torgeson has done 
his job well, and that this is an an
thology worth reading. I hope that 
"Hart's Hope" is remembered at Hugo 
time, too. 

A. Bertram Chandler, Star loot; DAW, 
1980; 223 pages 

I like popcorn; I have a large col
lection of Ron Goulart novels, 

and I only stopped buying the E.C. 
Tubb Dumarest novels at #17. I think 
that I'm only missing three or so of Ber
tram Chandler's novels of the Rim and 
John Grimes. The stories began in the 
1950s, and back then, we got stories 
from all over the universe that 
Chandler developed, and John Grimes 
at that time~ was just one more charac
ter. But, throughout the 1960s, Grimes 
and the Rim became the center of the 
series, and the possibilities of the little 
tears in space-time that cover the Rim 
allowed for quite a few stories about 
Commodore Grimes and his friends. 
(Ever seen the one where Grimes meets 
Captain Sir Dominic Flandry?) The last 
several years, however, have seen the 
past history of Grimes filled in, from 
his first commission, fresh from Earth, 
until this point, where he has just sold 
his first ship (it was solid gold ... ), 
and is buying another. A few of the 
characters we have met before, or will 
meet again, are here - friends and 
enemies who will dog his entire career. 
If you've read any of the stories, you'll 
like this one too, and if you haven't, 
well, Ace Books has reprinted many of 
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the early ones, so a whole new uni
verse awaits you. 

Edward Whittemore, Sinai Tapestry; 
Avon, 1978; 308 pages 
Jerusalem Poker; Avon, 1979; 
407 pages 

hese two books comprise a pan
orama of the Middle East for al

most a century, from the mid-1800s un
til 1935 or so. One can rightfully make 
comparisons between these works and 
the Bible, and Whittemore might even 
laugh and nod in agreement. Even 
more so, comparisons between Wil
son's Illuminati works can be made -
the Masons are mentioned here, and 
the scope is similar to that attempted 
by Wilson and Shea, and the links be
tween characters makes this person 
think of them in the same light. 

Ostensibly, Sinai Tapestry is the 
story of Plantagenet Strongbow, a 
seven-and-a-half-foot tall English lord 
of the last century who roamed Africa 
and Asia for half a century, spreading 
his influence over more people than he 
might ever realise and tying them 
together in ways that they only 
discover long after his death. 

In Jerusalem Poker, many of the 
characters we met previously are rein
troduced as members of the Great 
Jerusalem Poker Game. This game, 
which lasted from 1921 until1933, saw 
every influential person in the area try 
their hand at what was an attempt for 
three people to gather complete con
trol of the Holy City. As the blurb says, 
"The Holy City was in the kUty, the 
game was five-card stud." 

The books are fascinating, 
sometimes boring, and sometimes 
brilliant. Sinai Tapestry details life as it 

had always existed in the area, and 
how that way of life was ending as the 
nineteenth century ended. Most of the 
world held Jerusalem as holy, but it 
was with the return of those people to 
it that forced the city to face the 
unhappy world of the early twentieth 
century, and the results are consistent
ly painful, and often bloody. The 
massacre at Smyrna in 1922 is a prime 
example, and we are shown that in all 
its stupidity. 

Jerusalem Poker, on the other hand, 
while by no means upbeat, does end on 
a hopeful note as some of the previous
ly lost souls who had wandered the Le
vant for as much as thirty years have 
begun to find purposes to their lives, 
which no longer seem quite as bleak as 
they did when they came to Jerusalem. 

There is but one brief mention of any 
of the history of the area after 1935, 
that at the end of Sinai, with 
Strongbow's one son unable to face 
his own life, or live in his own legacy, 
but I would expect the three poker 
players- O'Sullivan Beare, Cairo Mar
tyr, and Munk Szondi - to have found 
peace within themselves. (!ECHNoi:OO) 

John Bartelt, a 
graduate student in 
physics, has long 
been a faithful Tech· 
nolog stand-by. He 
says he's in it for the 
money. (Technolog, 
not physics.) 
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by Keith Olson 

ake up, Dale ... It's time to get up 
. . . Rise and shine . . . Dale, how 

about it? Up .-md at 'em, Dale ... Wake up, 
D---" 

"No-of" Dale screamed as he sat up in 
his pod, cutting off the cooing alarm clock. 
He leaned back down, bathed in sweat and 
trembling. He was awake, but exhausted. 

"Dale," a soft voice called out. "Dale, 
are you all rir;ht?" 

"Yeah, I'm okay," Dale answered the 
computer. He slowly rose from his pneuma
tic sleeper-pod and picked his robe off the 
floor. He donned it while padding down the 
hall to the kitchen. 

"Tina," Dale called to the computer. 
"Yes, Dah:J?" 
"Make some coffee and heat up a sweet 

roll." 
"You really should have a nutritious 

breakfast. May I suggest a ... " 
"No! I'm not hungry. I just need a pick

me-up," he interrupted. 
"You'll feel better after a shower." 
He took the suggestion and went off to 

the bathroom. The splashing water did relax 
his tight muscles and soothe his aching 
body. 

Back in the kitchen, Dale sat down at the 
table to coffee and a roll. 

"Well, Tina, what exciting events does 
the world have in store for me today?" Dale 
questioned sarcastically while sipping his 
coffee. 

"You have classes from ten -until two, at 
which time you are due at the Institute of 
Oneirology. You have an appointment with 
Dr. Blake. Your evening is free," it answered 
faithfully. 

"Another thriller of a day." The coffee 
was bringing him out of his slump. 
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He looked at his watch. Enough time for 
a quick game, he thought. Hurrying into the 
living room, he flopped down on the soft 
sofa across from an eight-foot screen. 

"Tina, put the University computer on," 
Dale ordered. 

"It's not time for classes yet, Dale," it 
gently reminded him. 

"I know, I know. Just do it." The screen 
lit up, whitening the whole room. 

"Identification and password, please," a 
deep voice responded. 

"Dale Jonson, 11737591, mullet." 
"Correct. What class?" 
"Program. Game. Labyrinth," Dale 

answered. 
After a short pause the computer an

nounced, "I'm sorry, but Labyrinth is down 
for security modifications due to sabotage 
by some MAMAs." 

Dale cursed under his breath and kicked 
over the coffee table in front of the sofa, 
spilling magazines and note paper on the 
carpet. Those damn dirty MAMAs! Laby
rinth was Dale's favorite computer game, 
an adaptation of Mazes and Monsters, 
Dale's favorite off-computer game. He and 
a few friends would spend all waking hours 
playing it. But then college got in the way. 
Still, they could play Labyrinth. And now 
some Mazes and Monsters Assassins had 
tampered with the program and Dale was at 
a loss for things to do until classes started. 
Fortunately, that wasn't long off. He filled 
the gap watching the small servo-unit up
right the table and straighten the maga
zines and papers. 

Classes went excruciatingly slow. Dale 
made Tina tape notes while he studied the 
Advance Monster Manual, memorizing 
strengths and weaknesses of every mon
ster; he had to. 

His last class ended abruptly. The boom-
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ing University computer's voice sounded, 
"I'm sorry, but the rest of Dr. Reinstadt's 
lecture is cancelled. Radicals broke into a 
storage vault and destroyed many discs. A 
new one is being made and will be shown 
tomorrow at 8:10." It paused. "What 
class?" 

"Program. Game. Labyrinth," Dale hope
fully tried. The erasure didn't bother him. 
Radicals were always fouling up the com
puter. It gave them something to do. 

"WELCOME INTO MY LABYRINTH," a 
gritty voice hissed. "WHO ARE YOU?" 

Dale was overjoyed. Labyrinth was back 
up! "Captain Midnight," he answered, giv
ing the computer his game identity. 

"VOICE CHECK APPROVED." 
The screen filled with a picture of a 

large, dim grotto with dark passageways 
leading forward and to the right. Two num
bers appeared in the lower left corner. "DI
RECTION?" 

"Forward," Dale responded. 
"Excuse me, Dale," Tina interjected, 

"but you have an appointment in five 
minutes." 

"Okay, just this one room." 
The screen's picture moved as if Dale 

was walking through the forward opening. 
The next room was a small, damp passage. 
Water seeped around the moss that hung 
everywhere. 

Something moved near the side. 
"AN ICE CLOUD IS ATTACKING. COM

MAND?" the voice questioned nervously. 
"Fire spell!" Dale shouted. The screen 

grew orange, starting from the lower center 
and spreading until the entire screen was 
bathed in orange. A bluish-white cloud ap
peared and yelped. The orange faded, but 
the cloud remained, spewing white projec
tiles. 

"HEE, HEE, HEE. IT GOT YOU FOR 



EIGHT HITS. YOU USED TEN MAGIC 
POINTS AND GOT IT FOR THREE HITS." 
The numbers at the bottom of the screen, 
representing his hit and magic points, de
creased accordingly. "COMMAND?" 

"Fire spell," Dale ordered again. 
Nothing happened until the creature spit 

out a silvery liquid. "SPELL WAS CAST IN
CORRECTLY. IT HIT YOU ANOTHER TEN 
POINTS." Dale's hit points were decre
mented. "COMMAND?" 

"Attack to the death." 
A sword slashed out, slicing the beast in 

two. It screamed, hurtling ice spikes. Dale's 
hit points went down by four. The sword 
lashed out again, cutting what remained 
into little pieces. They dissolved. 

"CONGRATULATIONS! YOU WON. IT 
WAS GUARDING A BAG OF COPPER. DO 
YOU WANT IT?" 

"Yes." A small, lumpy bag appeared and 
seemed to move out of the screen, disap
pearing where a body viewing the scene 
would be. 

"YOU GOT IT. DIRECTION?" 
"Dale, you're due now at your appoint

ment," Tina urged. 
"Quit," Dale directed. 
"WE'LL GET YOU THE NEXT TIME, CAP

TAIN MIDNIGHT," the voice threatened as 
the screen went blank. 

"What class?" the main computer 
asked. 

"Bye," Dale answered. "Tina, get the 
tube ready." 

"All set, Dale." 
Dale hurried down the hall, stepped into 

the particle-projector, turned around and 
slowly broke into a grainy pattern, finally 
fading out 

He stepped from a bank of particle
projector tubes into a comfortable recep
tion room, and approached the main desk. 

No one was around. A three-dimensional 
projection of a young, blond female recep
tionist in a white uniform came into view. 

"How may I help you?" it asked in a deep 
but melting voice. 

"I'm Dale Jonson. I have an appointment 
with a Dr. Blake." 

"Through that door, down the hall, three 
doors on your right," it routinely instructed, 
winking as he left. 

Following the instructions, he found 
himself in a dark blue office. A middle-aged 
lady sat behind a large desk opposite the 
door and next to a pneumatic sleeper-pod. 
She was studying a patient's papers. 

"Is this Dr. Blake's office?" Dale asked 
the woman. 

"You must be Dale. I'm Dr. Donna 
Blake." She stood. "How are we feeling to
day?" 

"That's some receptionist you got 
there," Dale stammered. 

"Oh, that. We have about a dozen loops 
that we change according to what we think 
a patient would like. We find it helps people 
relax." 

"Well, that's a good-looking one, all 
right. Any chance I could get the loop?" 
Dale grinned. 

"No, that isn't possible." Donna smiled 
back. "Why don't you come in and sit 
down?" She pointed to a chair in front of 
the desk. Dale closed the door and slumped 
down in the chair. 

"So, sleep has been eluding you lately, 
eh? Why don't you tell me about it?" 

"Well," Dale explained, "I've been able 
to sleep, but it's my dreams." He yawned. 
" ... Excuse me. Uh, I have recurring night
mares. It's kinda.hard to describe them. Urn, 
are you familiar with M 'n' M?" 

"The candy?" she wondered. 
"No. It's short for Mazes and Monsters, 
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a gam~ in which you assume an identity 
and explore a huge, multi-leveled maze, 
fighting all kinds of monsters and finding 
all sorts of treasures, which can be used to 
buy food, water, oil and weapons to further 
explore. Also, you get so many hit and 
magic points. When you perform magic, 
you lose some magic points. When you get 
hit, you lose hit points. When your hit points 
are all gone, you're dead," he explained. 
"I'm an avid player, you see, and that's 
what my dreams are about. I'm playing, but 
instead of just observing, I'm actually con
fronting the monsters, feeling all the pain 
they deal. Some smell of rotting flesh, while 
others burn or freeze me. With each dream I 
loose more and more hit points. I only have 
a few left. 

"I'm afraid to fall asleep," he continued. 
"I stay awake as long as I can but soon 
sleep takes over and I know I'm gonna have 
a nightmare. I always battle different mon
sters. It's a constant barrage. I keep fight
ing and fighting, but can't find my way out 
of the maze. The closer I get, the more ex
hausted I become and the stronger the 
monsters grow. I'm beginning to think the 
only way out is death." He sighed. "These 
dreams drain me. I wake up, sometimes 
screaming, more tired than when I went to 
bed." He looked at his lap. "Sedatives make 
it worse, so I decided to come here." He 
gazed at her with pleading eyes. 

Donna was impressed. "Well, it's good 
that you came. We've had an increase in 
young people having bad dreams lately. I 
think it's due to all the free time you kids 
have nowadays. Most of them find solace at 
the Feelie-Three-Dees, and others become 
radicals. I haven't had many cases of game 
fanatics." She stood and walked to the 
front of the desk. "I'll tell you what we are 
going to do. First, since your record shows 
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you to be in good heath, we'll monitor one 
of your dreams, recording all that happens 
to you." Da~e grimaced. "Don't worry," she 
reassured, ''I'll be watching every minute. 
Nothing bad will happen to you. 

"How about now? Feel sleepy?" 
" ... I'll be okay?" Dale questioned. She 

nodded. "All right," he replied. He was tired. 
They went over to the sleeper-pod. It had 

hundreds o'f wires around the sides and a 
bank of me1ters and scopes at its head. 

"This is a, well, a modified bed," she 
said. "I'll hook you up and I can monitor all 
your vital functions. And with this head
gear," she held up a fuzzy band with more 
wires, "I can actually watch what you see 
when you dream on the oneiroscope." She 
pointed to a large screen on the wall by the 
door. "Sound all right?" Dale shrugged. 
"Good. Now take off your shirt, relax and sit 
on the edge." 

Dale did and she busied herself applying 
balm and taping electrodes to various parts 
of his chest. She looped the elastic head
band over his forehead and temples. The lit
tle electrodes pricked his scalp as they set
tled in. It itched something fierce. She con
tinued taping more electrodes to his arm
pits and palms. 

"Now, lie down. I'm going to hypnotize 
you so you will go right into REM sleep, the 
dream stage." Dale looked at her confi
dently and obeyed. The water mattress was 
comfortable. It was warm and started vi
brating. He could feel minute charges of 
electricity pulse through him matching the 
strobing of a light across the room from 
him. Donna pulled the chair over and sat 
down. 

"I want you to relax. Look at the strobe 
light. Concentrate on it. Concentrate. The 
light is pulling all wakefulness from you. 
Tired. You are getting tired. Your lids grow 
heavy. You are falling into a deep sleep. 
Sleep. YOUI' lids grow heavier. Sleep. You 
can't keep them open any longer. Sleep." 
She clicked on the monitoring machines. 
"You are in a deep sleep. You will respond 
to my voice and my voice only. When I say," 
she shrugged, " 'bumper cars' you will 
awaken." Donna was relieved that 
machines did most of the hypnotizing. 
Some don't respond to it. He was easy. A 
viewer tracked his pulse, another his 
breathing. Both were slow and steady. 

"Perspiration low, approaching REM 
phase," Donna's computer announced. 
"Entering HEM phase, brain activity picking 
up." 

The wall across the pod lit up with swirls 
of color, billowing clouds of yellows and 
purples. They cleared and Donna saw Dale 
facing away from her. He had on knee-high 
leather boots and a long, hard-leather jer
kin. At his left side hung a broadsword, a 
mace on his right. A belt supported a bag on 
his backside. In his right hand, he held up a 
brightly glowing lantern. His left arm was 
covered with a small, wooden shield. 

He was in a dark, rocky cubbyhole. The 
walls abounded with eerily dancing sha
dows cast by the flickering flame of the lan
tern. He cautiously went through an open
ing in the right wall and found himself in a 
long, smooth hall. Gingerly walking down it, 
he opened a door at the end. It led to a 
large, dank cavern with huge boulders. 
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A puma leapt off a tall rock. It struck 
Dale full force, knocking the lantern away 
and Dale over. Pain welled up in him as the 
cat struck his right arm, its claws ripping 
into his flesh. Rolling from under it, he drop
ped his shield and drew his sword. His 
blood was making the grip slippery. He and 
the cat faced each other, slowly moving in a 

circle. 
The puma sprang. Dale was ready this 

time. He dodged and swung at the feline 
monster. The sword stabbed into the soft 
underbelly. Blood splattered as it landed 
with a thud. 

The machine noted the strain on Dale's 
body and increases in perspiration, pulse 



and breath rates. 
On screen, Dale stood, right arm raised, 

chanting something Donna could not make 
out - a healing spell, she realized, for the 
bleeding stopped and the deep cuts healed, 
not even leaving scars. That done, he cut a 
few pieces of meat off the puma, and 
rubbed them with salt from a tin box from 

his bag. He withdrew a flask of. water and 
took a swig. After returning all to the sack, 
he picked up his shield and lantern and 
moved on. 

The next room had many exits, but he 
chose to ascend a stairway in the corner. 

The stairway led him to a tiny, slimy 
grotto. A sleeping ore was slumped in the 
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corner. Dale muttered an incantation, 
raised his arms and flung them forward. 
Missiles of light flew off his hands and 
struck the monster. It awoke in a dazed rage 
and charged Dale, picking him up and 
throwing him against a wall, nearly crack
ing Dale's head. Recovering quickly, Dale 
grabbed his sword and speared it into the 
beast's side. It roared in pain and hurled a 
rock at Dale, who blocked it with his shield. 
The creature closed in to strike, arms 
swinging, but a mace intercepted a swing, 
shattering its hand. The monster reeled 
back in agony. Dale charged and beat it 
with his mace. In a last effort, the ore swat
ted Dale on the side with its once mighty 
paw. Dale got up, swung the mace around 
and brought it down, crushing the head of 
his attacker. 

Exhausted, Dale sank to his knees. His 
side and head throbbed. He just had to rest. 

The machines dutifully recorded his 
heart slowing down and his breathing 
quieting after their extreme agitation. Don
na didn't notice. She was totally absorbed 
in the happenings of his dream. 

In his dream, Dale finished resting and 
looked for a way out. He saw the metallic 
flash of a war axe to the side. What a prize! 
His eyes lit up with excitement as he fin
gered the keen edge of the blade. He hung it 
on his left side, putting his broadsword on 
the right. 

Leaving the mace behind, he walked out 
and through an endless assortment of long, 
low rooms, short, dim passages; and small, 
damp chambers. He destroyed numerous 
gelatinous cubes, green slimes, giant ants 
and warthogs. Each confrontation required 
more and more from him. He found some in
teresting trinkets, but only kept a bar of 
silver guarded by a warg. 

Near exhaustion, he stopped in a round, 
high room with passes leading in all direc
tions. As he sat down, a deep, evil laugh 
echoed through the maze. A shiver went up 
his spine. The Dark Lords, he thought. 
Another explorer has been killed. He 
brought out his bag and ate some of the 
meat in the box, washing it down with the 
water. 

Feeling better, but still aching all over, 
he packed his food and water away and 
withdrew a vial of a healing potion that he 
had won from a group of shambling 
mounds. He put it in his breast pocket, 
knowing he would need it for the next 
monster. 

And so he -left, choosing a hopeful
looking entryway. A boulder fell, blocking 
his way out of this cul-de-sac. Dale pulled 
out the potion and drank it. Renewed 
strength coursed through his body. He even 
felt some of his magical powers returning; 
they had been drained in earlier battles. 

The heat of a fireball flared up. Dale 
blocked it with his shield which burst into 

ii: flames on impact, searing his arm. Seeing 
~ the thaumaturgist, Dale muttered the anti
~ magic shell incantation. A low glow spread 
~ over his body. The monster hurtled a light
:: ening bolt, but it exploded before getting 
3 close. Drawing his war axe, Dale charged 
l!> the thing. It drew a sword and countered. t Dale dodged and chopped its foot. Blood 
~ gushed. Silently angered, it jabbed at Dale 
:::1 and hit him in the right thigh. His leg stif-
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fened; it wouldn't move. Blood filled his 
boot. He lost all feeling in the leg. The thau
maturgist raised its sword for another 
thrust, but Dale swung his axe and hewed 
the gut of the creature. The beast dropped 
its sword and hugged its abdomen, working 
its magic to repair the gaping rent. Dale 
took the opportunity to use his last bit of 
magic strength to throw a cone of cold over 
it. In the instant it· froze, Dale shattered it 
with his ax4~ in a myriad of pieces. 

The door he entered opened, and so did 
another. Limping through the second one, 
using his sword as a cane, he totally 
overlooked the priceless obsidian jewels 
scattered about. He just wanted to get out. 

He was drenched in sweat. The mach
ines registered this. They also noted the 
lack of feeling in his right leg and the ef
fects of the blood loss on his heart. None of 
it registered with Donna. She was spell
bound. ThE! machines began blinking vio
lently and beeping warnings, as Dale's 
heart started palpitating. 

The dream went on. 
This new room was a large, tall chamber. 

Dale felt weaker than he ever had before. He 
broke out in a cold sweat. The machines 
sent out more warnings. 

Dr. Blake's computer decided to in
terfere. J{Dr. Blake, the patient is in shock, 
his right thigh is hemorrhaging." 

No response. 
"Dr. Blake, can you hear me?" 
On the screen, a huge raven balrog ap

peared. Its stench nearly knocked Dale out. 
It approached slowly, contemplating how it 
would eat this tasty morsel. Dale knew this 
was it. Only one chance: pray for divine in
tervention by the maze master, controller of 
the monsters. He dropped to his knees, 
folded his hands and prayed. The balrog 
lifted his huge, clasped hands and brought 
them down on the little warrior. 

Shocked out of the trance, Donna 
screamed, "Bumper cars! Dale, wake up!" 
She turned to the pod and saw the 
machines going wild. The picture on the 
screen winked out before the balrog flat
tened Dale. He squirmed in the pod. His 
heart stopped. His breathing stopped. But 
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she frantically kept working on him. Miracu
lously, his heart began; feebly, but it was 
beating. His body jerked as he took his first 
breath. Overjoyed, she checked his other 
maladies. His thigh stopped hemorrhaging 
and somehow was absorbing the blood 
lost. His breathing and heart got stronger, 
returning to a tired normal. His face 
twitched and he fluttered his eyes open, 
looking at the ceiling. 

Donna was overcome with relief. She 
hugged him and cried copiously. 

After a short time, Dale had recovered all 
his faculties, but they both were tired. He 
sat up in the pod. Donna was in the chair. 
She regained her composure and explained 
what happened. 

"I can see why you don't want to go to 
sleep. If I had dreams like that, I wouldn't 
either. You should have come to us sooner. 
That dream was almost it for you." 

"You saved my life. I thank you. But can 
you cure me?" 

"I'm sure we can. You will have to stay 
with us in the meantime, though. I'll arrange 
for you to get classes in your room. Then 
we'll start phasing out your obsession with 
Mazes and Monsters. You see, your dreams 
are incredibly strong and are forcing them
selves into your reality. So what we have to 
do ... " 

"Warning! Warning!" the building's 
computer cried out. "Intruder in the build
ing. Intruder in the building, heading 
towards main circuitry. Repeat. Intruder in 
... " The voice slowed and slurred as it 
died. 

All the lights blinked out and auxiliary 
lights woke up, shining dimly but suffi
ciently. 

"What's happened?" Dale asked. 
"This has never happened before. 

Radicals have never gotten this far. They 
must have hit the main power and knocked 
out the whole building." She was rattled. 

"So what's with the lights?" 
"What's the matter with you? Don't you 

know what's going on? There are people in 
this building out to destroy all that we've 
worked to create." 

"I'm just trying to appraise the situation. 
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Now why are there lights on?" 
"They're self-contained battery-powered 

lights. They turn on during a power short
age." She nervously kept looking about the 
room. "I wish we had more guards! We just 
don't have enough. They never were 
needed. I don't know what to do!" She was 
hysterical. 

"Now calm down. We can assume that 
any guards are now dead, or the Radicals 
wouldn't have gotten as far as they did. Can 
you think of anything they might be after?" 

She took a deep breath and thought. 
"I don't know. There are many gold tools 

in the aquatic labs. But there is silver, 
platinum and other valuable things all over 
the building." 

"All right. I'll just have to look every
where. I'll start at the aquatics lab. Where is 
it?" 

"It's too dangerous out there. You don't 
know your way around. You just woke up 
from a terrible dream. How can you think of 
going out there?" She tried to reason with 
him, but it was of no use. 

"I'll be okay. I've been living for a long 
time on little sleep. I can handle it. There 
are maps of the floors by each elevator, so I 
can find my way around. But I will need 
some defense. Do you have a weapon?" 
Would she have a gun? he thought. Slight 
chance of that. They were against the law. 
Owning one meant the death sentence, if 
you were caught. 

"I have a letter-opener; will that do?" 
She went to her desk, opened the top 

drawer and dug out a long, thin, metal 
letter-opener. 

"Yes, that will be fine." He took the 
blade and got a feel for it. "How about a 
flashlight? These lights aren't everywhere, 
at least I didn't notice any." 

"Let's see, I think I do." She rummaged 
through the bottom drawer. A moment later 
she proudly pulled out a small pocket 
flashlight. 

"Looks like I'm all set." 
"Be careful. I hate losing patients," she 

joked feebly. 
"Heh, don't worry about me. You just 

calm down and look after yourself. Lock the 
door behind me. Believe me, I'll be okay. I 
do this all the time. I'm an old hand at it. I'll 
be back." 

He flipped on the flashlight and played 
the beam along the walls, testing its 
strength. With the light in his right hand, 
the letter-opener at his side, he left the dim 
office and walked into the long, dark hall. 

~ 
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We are now taking applications for the 1981-82 
Technolog editor. 

This position is open to any full-time student of 
the University of Minnesota, but IT students are pre
ferred. 

This is an excellent opportunity to gain practical 
experience in communications and marketing, and to 
make contacts with industry. You will also be repre
senting IT students to industry and other engineering 

colleges. 
You must be responsible, willing to see work 

through to completion, and able to supervise others. 
The $500-per-quarter-plus salary helps to compen
sate for the more copious earnings you might other
wise make as a part-time parking attendant. 

For more information contact Steve Bjork or Steve 
Deyo (373-3298) or leave a resume and letter of appli
cation at Room 2, Mechanical Engineering. 
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Blowing Soap Bubbles in Sub .. zero Weather 

by Francis C. Van Asten 

any interesting phenomena can 
be observed by the amateur 

scientist by altering just one condition 
of an everyday experience. The 
behavior of a soap bubble blown in 
sub-zero weather provides an example. 
Initially the bubble moves straight 
away from the blower as a result of the 
force of formation, then it turns milk
white because of the warmth and 
humidity of the human breath within it. 
The little warm-air balloon, then having 
lost its forward momentum and being 
lighter than the surrounding air, begins 
a rapid ascent. As it rises, the bubble 
will trail a long white "beard" behind it. 
This vapor trail can grow to be three or 
more feet in length if the air 
temperature is lower than thirty 
degrees Fahrenheit below zero. 

When the soap bubble has lost most 
of its warmth by exhaling its water 
vapor behind it, the sphere will start to 
slow down. As it slows and comes to a 
stop, the globe will become perfectly 
transparent. The maximum altitude of 
the bubble seems to depend entirely 
upon the air temperature around it, not 
on the globe's size. In one experiment 
at minus thirty-five degrees, a consis
tent altitude of twenty-seven feet was 
obtained. 

After hanging in space between five 
and ten seconds at its maximum 
altitude, the sphere will begin losing 
height and begin wrinkling. As it 
wrinkles more and more, the bubble 
will become increasingly distorted. 
During its very slow descent it will 
crack and fracture many times. Many 
bubble skins rotate and glide as they 
drift earthward because of the strange 
shapes the remnant of the sphere 
assumes. Some skins glide much far
ther from the observer than the max
imum height they attain above him. 

A close inspection of the remains of 
our adventurous little traveler reveals 
an incredibly wrinkled and torn piece 
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of transparent material. When touched, 
it is found to be as gooey as enriched 
maple syrup. Left to itself, this crinkled 
little piece of soap slowly dissolves 
into a featureless mass. 

For best viewing, a single street 
light thirty or more feet above ground 
level, on an otherwise dark night, en
hances the visibility of the effects. The 
effects of blowing bubbles on cold win
ter nights become more pronounced as 
the temperature goes further and fur
ther below zero. Any breeze at all will 
tend to confuse the study. Although 
these special effects were first noticed 
by the author in 1968, only a few nights 
since then have been ideal for studying 
these phenomena. If only January 
would chill down to some really cold. 
temperature, say to minus sixty deg
rees Fahrenheit, effects too subtle to 
have been seen as yet might then be 
observed. (!ECH'Noi:OO) 

Policemen who see people blowing 
soap bubbles on a dark winter 
night make interesting experiments, too! 
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If you're a junior or senior 
majoring in sciences like 
math, physics or engineering, 
the Navy has a program you 
should know about. 

It's called the Nuclear 
Propulsion Officer Candidate 
Program ( NUPOC for short) 
and if you qualify, you 
can earn over $800 a month 
right through your senior 
year. Then after 16 weeks of 
Officer Candidate School, 
you'll get an additional year 
of graduate level technical 
education. This would cost 
thousands in a civilian school, 
but in the Navy, we pay you. 

It isn't easy. There 
are fewer than 400 openings 
and only one of every six 
applicants will be selected. 
But if you make it, you'll 
have unequaled hands-on 

responsibility, a salary of more 
than $33,000 in four years, and 
gilt~edged qualifications for 
jobs both in the Navy and out. 

Ask your placement officer 
to set up an interview with a 
Navy representative when he 
visits the campus, or contact 
your Navy representative at 
800-841-8000, or send in the 
coupon. The NUPOC Program. 
Not only can it help you 
complete college. It can be the 
start of an exciting career. 
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regress has been made in the use of remote sensing 
for the study of water resources and hydrology, but 

the potential remains largely unfulfilled, a National Re
search Council panel has concluded. 

Several uses of remote sensing are ready for practical 
applications now, the panel said: 

e Forecasting runoff from mountain snowpacks- The 
operation of reservoirs for hydroelectric power, irrigation, 
flood control, and water supply could be improved with 
more accmate knowledge about the total amount of water 
available from snowpacks and about probable rates of 
runoff. 

o Surveying aquatic vegetation -The U.S. Army Corps 
of Engineers has found remote sensing from Landsat and 
aircraft to be a rapid and inexpensive method for detecting 
and monitoring infestations of water plants. 

o Mapping land use - "Historically, data on water re
sources are collected by expensive, time-consuming tech
niques, including field surveys, aerial photographic inter
pretation, and questionnaires," the panel noted. In some 
cases, remote sensing would be cheaper. 

o Monitoring ice conditions- Satellites could monitor 
ice on northern U.S. rivers and lakes. To be useful, this kind 
of information must be delivered within one day, and pref
erably within one or two hours after it is obtained. The data 
would help with navigation and operation of hydro-electric 
systems. 

Two areas of study- urban development and shoreline 
changes - are ready to be tested in demonstration pro
jects to see if they will prove to be practical for operational 
systems. 

Other important water-management needs may be met 
by remote sensing, the panel said, but "substantial re
search and development efforts will be required to explore 
fully the benefits· possible" now. Among areas recom
mended for further research are: 

o Assessment of soil moisture throughout watersheds; 
e Mapping of the extent and depth of groundwater; 
e Prediction of flood conditions; 
0 Measurement of rainfall over large areas as it occurs 

or with slight delay; 
o Assessment of lake eutrophication; 
o Detection and measurement of suspended solids 

and salin~ty in lakes and streams. 
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omen are more likely than men to be unemployed and 
they usually earn lower salaries when they are work· 

ing, according to data in a new report by the staff of the 
National Research Council Commission on Human Re
sources. Women comprised slightly over ten percent of the 
doctorate work-force in science and engineering in Febru
ary 1979, according to the report, but nearly one in three 
unemployed scientists or engineers was a woman. 
(Women held about one-fourth of all doctorates in the hu
manities, but accounted for over half of the number of un
employed persons.) Median annual salaries of Ph.D. 
holders in science and engineering were estimated to be 
$30,000 for men and $23,100 for women. (In the humanities 
men had an estimated median salary of $23,800 and 
women earned approximately $19,800.) 

An estimated 0.9 percent of the work force of 308,800 
doctoral scientists and engineers were unemployed and 
seeking work in February 1979, according to the survey. 
The comparable figure in the humanities was 2.2 percent 
of 64,800 individuals. For the U.S. labor force as a whole in 
February 1979, according to statistics compiled by the Bu
reau of Labor Statistics, the unemployment rate was 6.4 
percent, unadjusted for seasonal fluctuations. 

Though aggregate unemployment of Ph.D. holders re
mains low, the data are open to interpretations less ame
nable to statistical analysis. How many doctorate holders 
are keeping jobs they would leave were they not faced with 
the limited prospects of a tight job market? 

Many men and women in the survey reported working 
outside their fields of study but, again, the statistics do 
not indicate whether they wished to do so or whether they 
could not find employment in their fields. Approximately 
5.9 percent of all science and engineering doctorates were 
working in non-scientific, non-engineering fields. But the 
comparable figure for the humanities was much higher: 
18.6 percent of the employed doctorate holders were work
ing outside the humanities. 

E ngineering degrees awarded in 1980 at the bachelor's 
level have climbed 12 percent above last year's 

figure, but the small number of M.S. and Ph.D. degrees 
awarded threatens to undermine U.S. reindustrialization, 
reports the American Association of Engineering Socie
ties. 

AAES, representing 40 professional engineering organi
zations with nearly one million members, provided the data 
from a yearly survey conducted by its Engineering Man
power Commission. 
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"While the supply of bachelor-degree holders is satisfy
ing industry demand for basic engineers, the number of 
candidates earning advanced degrees falls short of what 
the country will need to fulfill its high-technology require
ments," says Dr. Bruno Weinschel, chairman of the associ
ation's Engineering Affairs Council. The council oversees 
Engineering Manpower Commission activities. 

"High industry salaries," he adds, "discourage engi
neering graduates from staying in school to earn advanced 
degrees." 

The survey shows U.S. engineering schools awarded 
58,742 B.S. degrees in 1980, versus 52,598 last year- an 
11.6 percent increase. This is the fifth consecutive year 
B.S. degrees in engineering have increased (Fig. 1). The 
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number of 1980 M.S. degrees awarded rose to 17,243 from 
16,036, an increase of 7.5 percent. The number of Ph.D.s 
dropped slightly to 2,751 from 2,815, or 2.3 percent. 

More than 35 percent of 1980 Ph.D. graduates, more
over, are not available to industry and universities to begin 
with, because they are non-U.S. citizens, Dr. Weinschel ex
plains, and must return home after completing their 
studies. 

"Industry can help itself during this shortage," he says, 
"by engineering improvements in the way it uses the ad
vanced-degree engineers it does have." Much of the day
to-day legwork now done by engineers could be handled by 
engineering technicians and technologists who can be 
trained more quickly than engineers. This would free more 
engineers for sophisticated planning and designing. 

On the long-term, however, more undergraduates need 
to continue their studies to provide a bigger pool of ad
vanced-degree holders for industry and universities. Estab
lishing 2,000 two-year fellowships, restricted to U.S. stu
dents and funded at $10,000 a year, could help encourage 
undergraduates to defer lucrative industry salaries to earn 
their masters or doctorates, Dr. Weinschel says. 

Of the 21 engineering disciplines surveyed, four 
accounted for almost 75 percent of bachelor degrees 
awarded. The highest portion, 23 percent, were in elec
trical engineering, followed by 20 percent in mechanical, 
17.6 in civil and 11.2 in chemical engineering. Women and 
minority engineers accounted for 9 percent and 4.4 percent 
respectively of bachelor degrees in engineering. In~~! 
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Professo1r Nier is a well-known 
and respected member of the IT 
community and beyond. His inven
tion of the mass spectrometer, iso· 
lation of U-235, work em the Manhat· 
tan Project and heading of the Mars· 
Viking Entry Science Team are only 
highlights of a distinguished and 
brilliant career. For more details, 
see "Nier Goes Far" in the Fall I, 
1979 issue 1of Minnesota Technolog. 

by Regents' Professor Emeritus 
Alfred O.C. Nier 

Energy Co1nsumption in the United States 

I n 1956 the eminent geologist King Hubbert predicted 
that within 10 or 15 years oil production in the United 

States would reach its peak. Few chose to pay attention. In 
1968 the United States government informed other govern
ments that American oil production would soon reach a 
limit such that others could no longer count on us for extra 
capacity in the event of an emergency. Until 1960 the 
United States was a net producer of energy. Since then, it 
has been a net consumer and by 1978 was importing 45 
percent, or 9 million barrels per day, of the oil it consumed. 
A very serious and growing problem existed, a fact not ap
preciated lby the American people until1973 when the Arab 
oil embargo took place and costs of gasoline, fuel oil and 
other petroleum products began to rise sharply. 

Figure 1 is a graph showing growth in consumption of 
energy in the U.S. from 1930 to 1978 with an extrapolation 
to the year 2000. Whether one agrees with the extrapola
tion is immaterial in our present discussion. It is shown 
here as typical of predictions which have been made. 
Some have been higher; "no-growth" advocates give lower 
values. The figure also shows the source of energy. 

The unit most commonly used in measuring large quan
tities of energy is the quad, where 1_ quad = 1015 British 
Thermal Units (BTUs). Since we will be discussing electri
cal energy, we should also mention some conversion fig
ures: one quad = 33 x 109 watt years = 33 GW years. As 
electric power plants are only about 33 percent efficient in 
converting fuel to electric power, one quad of fuel energy 
produces only about 10 GW years of electricity. 

Figure 2 shows the growth of use of energy in the world 
since 1930, together with the corresponding curve for the 
U.S. It is interesting to note that the U.S. proportion has de
creased continuously as other nations develop and raise 
their standards of living. Again, the extrapolation to the 
year 2000 is shown only for illustration as typical of predic
tions which have been made. 

It is clear from Fig. 1 that petroleum, as of the present, 

26 

constitutes entirely too large a proportion of the total, and 
drastic steps have to be taken to reduce its use, both rela
tively and absolutely. What are our options? Fortunately, 
we in the United States have opportunities not available to 
most nations. We have abundant supplies of coal and the 
potential for much more use of nuclear energy. Thus the 
energy crunch in this country is not so much one of reduc
ing total energy consumption as it is one of reducing use 
of oil and, to a lesser extent, of natural gas. Petroleum, liq
uid or gas, is the feed stock for much of our chemical in
dustry. At present there are no practical substitutes in 
most portable applications - airplanes, trucks, automo
biles, etc. Hence, we should save our limited petroleum re
sources for our chemical industry and for portable uses 
where it is not economical or convenient to use other 
sources of energy. 

To be sure, overall conservation is very much in order. 
The days of cheap energy are over. By holding down our 
demands we not only help fight inflation but we also help 
the less fortunate countries by not unwittingly bidding up 
the prices of scarce energy resources. Since energy is the 
key to our entire industrialized society, it behooves us to 
make optimum use of all energy sources. We cannot afford 
to ignore any. 

Sources are sometimes categorized as non-renewable 
and renewable. Among the former are oil, natural gas, coal 
and nuclear; among the latter are hydro, geothermal, bio
mass, solar and wind. The division between the two is not 
sharp. For example, biomass, if used on a large scale, 
might cause such large problems that its use would have 
to be limited. Conversely, if nuclear energy were properly 
developed, the source would for all practical purposes be 
infinite and hence fully as available in the long run as so
lar, the example generally used as an illustration of a re
newable source. 

Nuclear Energy and Electric Power Generation 

In the excitement following World War II, some pre
dicted that nuclear energy might some day be used for pro
pelling airplanes, locomotives and trucks as well as for 
producing electric power. Reality has demonstrated, how
ever, that for the present and immediate future at least, the 
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Figure 2. World and U.S. energy consumption. 
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Technolog reminds its readers that views expressed within 
are not necessarily those of the Institute of Technology or 
Minnesota Technolog. 

only large-scale practical civilian use is in the generation 
of electric power. Here, it has competed very favorably 
with other fuels. Indeed, among unbiased observers it is 
considered the least expensive - much cheaper than oil 
or gas, cheaper even than coal in many locations, and with
out the health hazards to the public and the deleterious en
vironmental effects of coal - nuclear critics' propaganda 
notwithstanding. 

Since it is in the generation of electric power that nu
clear energy can play a significant role and it is here where 
the greatest controversies and misunderstandings have 
arisen, I will restrict the remainder of my discussion to this 
application. 

In 1978 the U.S. generated about 2,300 billion kilowatt 
hours of electricity from the following energy sources: 

coal 
nuclear 
hydro 
oil 
natural gas 
geothermal 
solar, etc. 

74.1% 
11.8 
8.5 

17.6 
14.7 
0.3 
0.0 

100.0% 

The 17.6 percent generated by oil accounted for 9 percent 
of all oil consumed, or 1/5 of all imported oil. Whether one 
believes the total energy extrapolation to the year 2000 
shown in Fig. 2 or not, there is every reason to believe that 
electrical energy consumption in the United States will go 
up. First of all, our population will increase approximately 
10 percent. The use of oil and gas must go down. The most 
likely substitute in industrial installations will be electric
ity. Then, too, as the oil picture darkens, heat pumps and 
electric buses, trains and automobiles will become more 
likely - all requiring more central station electric power. 

Alternative Energy Sources 

Even with heroic measures, it is hard to see how elec
tricity consumption in the U.S. in the year 2000 could be 
less than it is today. If by some miracle it did not go up, we 
are still faced with the fact that if we are to reduce our con-
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sumption of precious oil and natural gas, some substitute 
will have to be found for that which today generates ap
proximately one-third of our electric power. 

Solar energy is given as the solution by some. While so
lar energy may some day fill an important part, it is diffi
cult to see how it can play a significant role in the next 20 
years, the period which concerns us here. The present cost 
of generation is estimated to be perhaps 10 times or more 
that for generation from coal or nuclear. There is the stor
age problem (the sun shines only part of the time), and last 
but not least, the fact that a whole new technology would 
have to be developed if solar is to play more than a token 
role in the near future. Things just don't happen so fast in 
the real world. 

Biomass and wind power, while hopeful for limited ap
plications, cannot be expected to contribute to the 
nation's electrical power generation in any substantial 
part. While additional amounts of hydro and geothermal 
energy can be generated, these cannot be expanded suffi
ciently to begin to fill the part now played by oil and natu
ral gas. As a practical matter, only coal and nuclear can 
take the place of oil and natural gas at the present rate or 
for any increase of electrical generation in the next few 
decades. 

Objections i:o Nuclear Energy 

Through a combination of circumstances, expansion of 
the use of nuclear energy has met with public opposition, 
at least from a vocal, but sometimes influential, minority. 
Part of the concern is justified - most is not. The release 
of nuclear energy first took place during World War II and 
its first use was in bombs which ended the war (and, inci
dentally, saved many lives, both Japanese and American). 
Since 1945, nuclear weapons have been highly perfected 
and there is fear they may be used sometime. This fear is 
extended to all things nuclear- whether their end use is 
peaceful or not. Some individuals believe that nuclear re
actors such as used in power plants could blow up like a 
nuclear weapon. This is manifestly untrue since the fuel 
used, slightly enriched 235U, is not highly enriched as in a 
bomb and hence could not possibly explode. 
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Part of the objection is one which arises as any new 
technology is introduced. It happened when steam en
gines were developed, when trains began to run and when 
automobiles appeared on the streets and highways. In the 
case of nuclear energy the problem is complicated by the 
presence of radiation, something invisible and mysterious 
to the average person, and a possible hazard whose dan
gers can be dramatically exaggerated by those who op
pose nuclear energy for other reasons. 

The picture has been complicated by problems or mis
understandings dating back to early days. For example, 
there has been concern about leakage of radioactive 
waste resulting from wartime operations at Hanford, 
Washington (no one was hurt). The government has been 
accused of lack of candor in dealing with residents in 
western states when atomic bomb tests were performed. 
Whether or not the accusations have merit, they have not 
helped the government's credibility. More recently, the ap
parent bungling associated with the accident at Three-Mile 
Island, although no one was killed or even injured, did not 
help the image of big power companies or the government. 

Finally, the fight against nuclear power is a convenient 
focal point for activists who must have a cause, or for 
those who deplore our industrialized society and, recogniz
ing that energy is essential to its maintenance, would re
strict energy availability as a way of restructuring society. 
The matter was expressed extremely well in the Report of 
the British Royal Commission on Environmental Pollution 
(1976) which stated: 

Nuclear power provides a dramatic focus for opposition in 
some countries to technological development and we have 
no doubt that some who attack it are primarily motivated by 
antipathy to the basic nature of industrial society, and see 
in nuclear power an opportunity to attack that society 
where it seems most vulnerable, in energy supply. 

Particularly disturbing is the influence these groups have 
had in so-called environmental societies or clubs whose 
causes have the most to lose if nuclear energy, which is 
relatively safe and benign, is replaced (as it would be) by 
energy development which is far more harmful to the envi
ronment. 
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Radiation and Normal Radiation Exposure 

In our daily lives we are constahtly bombarded by radi
ation: from cosmic rays, from the radioactivity in the 
ground, in our houses, in the food we eat, and from medi
cal X-rays, to mention just the most important sources. 
Radiation and its biological effects have been studied in 
great detail and much has been learned. In fact, its possi
ble harmful effects are probably better understood than 
any of the other environmental hazards to which we are ex
posed. The instruments developed for its detection have 
been so highly perfected that they can detect radiation 
levels far, far below where they can be considered harmful. 

In discussing radiation exposures of humans, the dose 
unit used is the rem. A more convenient unit for low levels 
of exposure is the millirem (mrem), 0.001 of a rem. The 
average American receives exposures from natural 
sources of about 85 mrem/year, from medical X-rays about 
60 mrem/year. The natural background varies widely. For 
example, in Denver, due to higher altitudes (more cosmic 
ray exposure) the average exposure is 40 mrem/year 
higher. In some places it is even higher due to more radio
activity in the ground. No correlation between malignant 
mortality and low level radiation exposure has ever been 
observed in spite of careful investigations. It is for this 
reason that most students of the field feel that exposure to 
small amounts of excess radiation has negligible adverse 
health effects. 

Nuclear Hazards 

Like any large-scale activity or industrial process, nu
clear power generation does have hazards associated with 
it. The ones which are unique relate to the possibility of di
rect or indirect exposure of human beings to dangerous 
amounts of radiation. What are some of the hazards most 
commonly discussed? 

(1) Radiation from a Normally Operating Plant 

At the present time nuclear power generation adds less 
than 0.01 mrem/year to the background to which the aver-

age American is exposed. Even if we had 300 nuclear 
power plants in operation instead of the 70-some at pres
ent, the total increase would not be more than about 0.1 
mrem/year, about the same as the cosmic ray exposure in 
riding in a jet airplane at 30,000 feet for 10 minutes. There 
is general agreement this poses no serious hazard. 

(2) Radiation Resulting from a Nuclear Accident 

The radioactivity release in the event of an accident in a 
nuclear power plant is a matter of much more concern. 
Analyses have shown that the likelihood of a serious acci
dent is extremely small. In the case of the Three-Mile Is
land accident where just about everything went wrong that 
could and there was serious damage to the reactor core, 
the radioactivity released may have exposed the 2 million 
people in a 50-mile radius from the plant to 1 mrem, those 
within 10 miles to 6.5 mrem and a small number, where 
there may have been concentrations of radioactivity due to 
atmospheric conditions, to 70 mrem. This latter amount is 
about the same as received in a typical medical X-ray. With 
the conservative criteria used in relating possible cancer 
death linearly to radiation exposure, it is estimated statis
tically that a fraction of one person among the 2 million 
may be affected. The statistical chance of one death in the 
50-mile radius among the 325,000 who will die of cancer ir
respective of the existence of nuclear plants or the acci
dent is too small, so there is no proof one way or the other. 
There is growing evidence that the linear hypothesis used 
in the past, relating cancer death to low-level radiation ex
posure, is too conservative. If true, the prediction of even 
one possible death may be too high. Moreover, very recent 
studies show that in the case of an accident such as oc
curred at Three-Mile Island, the release of radioactive io
dine, greatly feared as a health hazard, was orders of mag
nitude lower than previous risk analyses had assumed. For 
perspective, one should note that seven people lost their 
lives in a gas explosion in nearby Philadelphia six weeks 
after the Three-Mile Island accident and hundreds lose 
their lives each year in coal mining accidents, oil rig col
lapses and tanker collisions. Energy production and distri
bution is not without risks. 
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(3) Radioactive Waste Management 

The disposal of waste from nuclear plants continues to 
plague the nation. In normal operation, nuclear plants are 
shut down for re-fueling annually with about one-third of 
the fuel replaced each year. The fuel rods removed contain, 
in addition to unspent fuel, radioactive fission products 
and heavy elements called actinides created in the reac
tors. One of the actinides is plutonium, an element which 
has a fissionable isotope, 239Pu. When the plants were 
built, it was anticipated that after a storage period of 
several months in a deep water pool during which most of 
the radioactivity would die down, the fuel rods would be 
shipped to a central facility where the various constituents 
in the rods would be separated and disposed of. 

Ideally the unspent fuel would be processed for future 
fuelings, the1 radioactive fission products would be sepa
rated and stored in solid form in deep geologically secure 
underground! sites for possible future use, the plutonium 
separated for use as a fuel, and the remaining actinides 
burned up in reactors along with fueL 

Unfortunately, matters have not proceeded as was 
hoped. At one point a possible repository for the fission 
product waste was tentatively selected but on further in
vestigation was found to be unsuitable. This caused the 
Nuclear Regulatory Commission and the Department of 
Energy to become super-cautious in identifying other 
sites. Also, a decision has not been reached on reproces
sing the spent fuel rods. There was fear that if the pluto
nium were separated it might be stolen by terrorists and 
made into bombs. (Somehow we do not worry about this 
happening in similar facilities where plutonium is handled 
for military purposes!) 

These questions have given the mistaken impression 
that waste management has insolvable technical prob
lems associated with it. The delay has pushed the matter 
completely into the political arena, with politicians in each 
state, under pressure from anti-nuclear groups, announc
ing that they will not accept the waste in their state. In the 
emotional and political atmosphere the technical ques
tions relatin~l to disposal have almost been lost. Solutions 
to the techn~cal questions relating to disposal exist, but 
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until the political stalemate is brought to a conclusion, the 
power companies have no choice but to increase their stor
age capacities for spent fuel. Fortunately, the volume re
quired is not large. For example, all of the spent fuel from 
Northern States Power's Prairie Island Plant since the 
plant was started in 1973 is housed in a 40-foot-deep pool 
about the size of swimming pools found! in YMCAs. To con-
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tinue operation of the plant it has been necessary to re
quest permission to enlarge the storage facilities. The pro
crastination of the government in not proceeding with 
waste management is most unfortunate in view of our seri
ous energy problems and the jeopardy in which it places 
the acceptance of nuclear energy. 

(4) Nuclear Proliferation 

All of existing nuclear power plants in the United States 
employ light-water reactors fueled with uranium in which 
the 235U content has been enriched from the naturally oc
curring abundance of 0.7 percent to 3 percent. In normal 
operation a certain amount of 238U is converted to 239Pu, 
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which is fissionable and contributes to the energy produc
tion. With suitable design, the conversion rate can be 
made to exceed the rate at which fissionable material is 
utilized, and the reactor is called a breeder. Breeders can 
also convert thorium, 232Th, to 233U, another fissionable iso
tope. The use of breeders would greatly extend our fuel 
supply - perhaps by a factor of 50 or more. Breeder devel
opment in this country has been greatly reduced, largely 
because breeders create 239Pu or 233U which can be used 
for making bombs and the belief, almost certainly in error, 
that by not developing breeder reactors we can influence 
other nations and reduce nuclear proliferation. Other na
tions, particularly Russia, France and the United Kingdom, 
have large programs in breeder development. 

Fusion 

No discussion of nuclear energy would be complete 
without some mention of fusion. Here it is hoped that iso
topes of light elements such as hydrogen and lithium can 
be converted to other nuclear forms with the release of nu
clear energy. While great progress has been made in 
reaching the high temperatures needed for making the 
conversions, the critical experiment to assure that the pro
cess can be a practical source of energy has not been per
formed. Until such a demonstration is made, energy by fu
sion remains speculative. 

Summary and Conclusions 

As has already been noted, our use of oil, particularly 
that which is imported, must be drastically reduced. In the 
case of electric power generation during the next few de
cades, only coal or nuclear energy can be expected to fill 
the gap. Prudence dictates that the use of both should be 
expanded. Electric power is so essential to the nation's 
welfare that we dare not rely on only one source. In recent 
years nuclear has twice saved the country from a major 
economic catastrophe, once when there was an extended 
eastern coal strike, once when a severe winter drastically 
curtailed coal shipments on the Ohio River and its tribu
taries. 

I n a breeder reactor, a tiny pellet of nuclear fuel about 
the size of a pencil eraser will produce a year's sup-

ply of electricity for two persons. 
It will also produce the same amount of energy as: 
I& 3 tons of coal, or 
® 12 barrels of oil, or 
® 500 gallons of gasoline, or 
® 75,000 cubic feet of natural gas. 
For a free simulated breeder fuel pellet, write: Breeder 

Reactor Corporation, P.O. Box U, Oak Ridge, TN 37830. 

32 

If cost and health were the only criteria, the balance 
would be tipped toward nuclear. Studies indicate that nu
clear has a cost edge over coal, the amount depending 
upon the part of the country. From a health standpoint nu
clear is clearly to be preferred. Quite aside from the mining 
and transportation hazards, where nuclear has a very large 
edge in safety, there are the relative risks to the public. As 
has already been pointed out, in normal operation a nu
clear plant's contribution to radioactive exposure is negli
gible when compared with the variations in the natural 
background. The probability of a serious nuclear accident 
is extremely low. As a result of the misfortune at Three
Mile Island drastic improvements are being made in plant 
design and operation. Even in the case of this major acci
dent, the release of radioactivity was negligible. By con
trast, the burning of coal results in the addition of large 
amounts of particulate matter and S02 to the atmosphere. 
Deaths resulting are estimated to be in the thousands, if 
not tens of thousands, each year in the United States. 
These are risks which, in effect, the government is asking 
us to accept. 

Quite aside from these considerations, the burning of 
coal is known to produce acid rain, shown to be highly det
rimental to the environment. Also, the burning of fossil 
fuels is believed to account for the continual increase in 
the carbon dioxide content of the atmosphere. The long
term effect on world climate is completely unknown. Will 
ice caps melt and the ocean level rise? Will there be major 
changes in rainfall patterns? 

True, there are risks associated with the use of nuclear 
energy. There never has been nor ever will be a risk-free so
ciety. I regret to say we seem to accept each year 50,000 
automobile deaths, 100,000 deaths linked to excess use of 
alcohol, and 150,000 linked to smoking. Most of these 
deaths could be prevented. Yet when there was an acci
dent in a nuclear plant, there was almost a national panic 
because one or a few persons may have been hurt. We can
not escape the fact that energy is essential to the welfare 
of all countries, and as the supplies dwindle we cannot 
rule out a major war over energy resources. With this very 
real danger before us, we dare not ignore any options. 

For the next few decades we have few choices and 
must take advantage of what is realistically available 
- mainly, coal and nuclear. By the next century it 
should become clear where we must turn. Will it be coal, 
solar, fission, fusion or some other form not obvious to 
ustoday? r~ 
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It can be an exciting picture for a new 
engineer or science graduate. Because 
Kodak is rapidly accelerating into the elec
tronic technology of tomorrow. We need 
bright ideas and fast thinking to help us 
apply this technology to the more than 
30,000 products Kodak markets. 

That leaves no time for leisurely appren
ticeships. You could find yourself immedi
ately in projects involving microprocessors, 
microprocessor controlled servo systems, 
laser writing, digital data processing, an
alog signal processing, input/ output inter
facing, opto-electronics, or experiment 
monitoring and control equipment. 

©Eastman Kodak Company, 1980 

You may work on designing products, 
developing components that go into prod
ucts, or creating equipment to manufac
ture components and products. 

If you're interested in a career in elec
tronics and have a degree with course work 
to match your interest, we look forward to 
discussing the diversity and opportunities 
you can enjoy with us. See a Kodak campus 
recruiter, or send your 
resume to 

Personnel Resources, 
Eastman Kodak Company, 
Rochester, NY 146 50. 

An equal-opportunity employer (f/m) manufacturing photographic products, fibers, plastics, and chemicals with plants in Rochester, N.Y.; 
Kingsport, Tenn.; Windsor, Colo.; Longview, Tex.; Columbia, S.C.; Batesville, Ark.; and sales offices throughout the U.S.A. 



The diamond is Man-Made'!) 
diamond developed by General 
Electric. Man-Made diamond 
crystals are pressed into a 
polycrystalline "blank." When 
this blank is attached to drill 
bits like the one pictured 
here, it provides a highly ef
ficient cutting tool to probe 
deep into the earth. 

Drill bits which in
elude diamond blanks can 
as much as double the 
penetration rates of steel 
bits in drilling for oil and gas. 
In one of the most successful 
applications in the North Sea, 
these drill bits cut the cost of bor
ing through shale by nearly )o%- for a 
total saving of close to $)oo,ooo. 

Two remarkable engineering breakthroughs 

were required f~~r~~~~~~hth~ s~~.h~~~s.s. 
by GE of Man-Made 

Jtb. diamond itself. Pio-
W!i\ neering the tecfr~-

The polycrystalline diamond blank microfrac- . 
tures because of its structure. Natural cleavage nology of heatmg 
planes of mined diamond (right) cause it to and pressurizing 
break off in larger pieces. carbon established 
GE as a leader in superpressure science. 

Then GE invented the technology which com
pacts the small, powdery Man-Made diamond into far 
larger disks (as large as 12 mm. in diameter by as much as 
1 mm. thick). Since these disks are composed of many 
nonaligned crystals, they resist the massive destructive 

fracturing which occurs in large, 
single-crystal natural diamond. 
Instead, these disks tend to 
microfracture, constantly expos
ing new cutting edges with
out destroying the diamond 
product. 

Creating new en
gineered materials is an im
portant example of research 
in progress at GE. Recent 
developments include a 
proprietary epoxy catalyst 
that's cured by ultraviolet 

light. GE work in ceramics 
led to the Lucalox@ lamp- a 

highly energy-efficient form of 
street lighting. 

GE is constantly investigating new 
technologies and innovative applications for 

existing technologies-in such areas as electrical distribu
tion systems, electronic components, environmental sys
tems. This takes talent- engineering talent- not just in 
research and development, but in design and manufac
turing, application and sales. 

If vou are in teres ted in engineering opportunities 
at 'cE, check your Placement Office or write to: 
Engineering, Bldg. )O, General Electric, Schenectady, 
New York 12)4S· 

Progress for People 

GENERAL ELECTRIC 
An Equal Opportunity Employer 
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You slap off your alarm clock, stumble into the bathroom, flick on a light. Hot water at the 
turn of a knob. Blow-dry your hair and head for the kitchen for some steaming freeze-dried 
and a sunny-side-up. The radio itemizes the day's news for you; then you hop into your 
mid-size Toyota and "engage" .... Your day is on the way. 

Electricity, heat, petroleum ... energy. Our nation is rich because we are rich in energy. 
And the more energy we get, the richer we'll be ... right? And the better we'll live ... right? 

Hmm. 
Rufus E. Miles, Jr., in last December's issue of The Futurist, says societies which overuse 

energy-including ours-display these effects: 1) conversion from an agricultural, rural 
society to a technological, urban one; 2) increase in occupational specialization with a 
corresponding decrease in ability to coordinate specialists' work; 3) reduction in value of 
children's and elderly's societal contributions, thus weakening family ties; 4) obsolescence 
of the former functions of neighborhoods and communities; and 5) centralization of 
societal control in bureaucracies and corporations (thus increasing dissatisfaction with 
such control if only due to its unwieldiness). High-energy societies, then, are vulnerable to 
several types of societal breakdown. 

Miles suggests that man, even technological man, so dependent on preservation of the 
biosphere and the cohesive ties of family and community, must stand against technologi
cal centralization and bureaucratization and work for the true human values found in 
democratic society: 

"Open societies can develop durable foundations only by emphasizing the quality of 
human relationships, not growth in the consumption of goods and energy beyond the 
essentials for health ... Aiready millions of people perceive that their own survival ... (is) 
inescapably dependent on changing our lifestyles ... Adjusting to a lower energy level 
does not necessarily mean hardship and discomfort. It can mean a society that changes 
its preoccupation from compulsive consumption to a slow but steady improvement in 
the quality of human relations and the nurture of the biosphere." 

High technology on a finite world cannot be limitless, but it can grow. Technology will 
not dwindle or extinguish itself if its present saurian tendencies can be overcome. The 
brontosaur, being a brontosaur, was not able to do that. But we, being men, are able ... to 
make the decision. 

Technology is our tool. For God's sake, what we need is a Manual for Safety in the 
Workplace. 

Steve Deyo maintains 
a Swiss bank account 
with his lucrative Tech
nolog earnings and in
vests heavily in South 
American grassland de
velopment and con
struction firms (tapired 
beams). 
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by Professor laurence J. Cahill, Jr. 

inety degrees south. Seventy years 
ago Amundsen and Scott struggled 

over snow drifts to reach to the heart of 
this inaccessible continent. Fifty years 
ago, Admiral Richard Byrd flew over it in a 
Ford trimotor. Today over 30 scientists 
and technicians work at South Pole Sta
tion during December and January to 
install and maintain scientific equipment 
at this unique observation post (see map). 
One of the present projects is a clean air 
laboratory, establishing a reference level 
for the composition of unpolluted air; ano
ther, a solar telescope that can observe 
the sun continuously in the Antarctic sum
mer as it circles the Pole at a fixed eleva
tion above the horizon. 

Minnesota is now represented at the 
South Pole by a magnetic pulsation re
ceiver, recording the magnetic compo
nent of hydromagnetic waves near one 
cycle per second (1 Hertz) frequency. The 
waves propagate along the earth's mag
netic field lines which are nearly vertical 
here-the reason for recording pulsations 
near the Pole. As the earth rotates once a 
day the magnetic field, lines emanating 
from the South Pole connect the station to 
the surface of the magnetosphere (see 
FJgure 1a). Waves generated at the sur
face travel over 50,000 miles to reach the 
recorder. 

Antennas to receive the low frequency 
waves, designed and built at the Univer
sity of Minnesota Space Center, were bur
ied under the polar snow cap in January 
of this year. The signals, carried through a 
cable to the station 1,000 feet away, were 
amplified and stored on a slow-speed tape 
recorder. A two..-person team from the 
University of Minnesota and the Univer
sity of New Hampshire travelled to the 
South Pole to install the station and the 

~Argentina 

Antarctica 

Professor laurence J. 
Cahill, Jr., of the De ... 
partment of Physics 
and the Space Science 
Center, wrote this arti
cle on his return from 
South Pole Station. 

Magnetic 
Pole 

~to New Zealand 
Map of the Antarctic continen~ centered on the South Pole. A Russian station, Vostok, is near the 
magnetic pole. 
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data will be interpreted here in the Space 
Science Center after the magnetic tapes 
return next December. 

Construction and Testing 

The low-frequency antenna is a 5-foot 
rod of permalloy with a pickup coil and 
several hundred thousand turns of fine 
copper wire wound around the middle. A 
fluctuating magnetic field parallel to the 
rod induces a signal in the coil. 

V =pAN(dB/dt) 

where .fJ is the effective permeability, A is 
the coil area, N the number of turns and 
(dB/dt) the rate of change of the magnetic 
field). With a sinusoidal field oscillation (B 
= 8

0
sinwt), 

V =JAAN B
0
w(coswt) 

so the induced signal increases linearly 
with frequency. There is a resonance in 
the antenna response between 10 and 20 
Hertz because of the inductance and capa
citance of the coil. However, the spectrum 
of the natural magnetospheric waves, for 
which the antenna is designed, cuts off at 
about 5 Hertz. A preamplifier is attached 
directly to the pickup coil, providing a 

gain of about 100 and attenuating the sig
nal strongly at frequencies above 5Hz to 
avoid 60-Hz power interference. At 1 Hertz 
a wave amplitude of 10-11 Tesla (.01 nT) 
gives a signal amplitude out of the pream
plifier of .01 volts (see Figure 2). In order 
to observe the full3-component wave vec
tor and determine polarization, three of 
the antennas are arranged perpendicular 
to each other and placed in a remote loca
tion so they are less likely to pick up spur
ious signals from moving vehicles, me
chanical vibrations or electrical interfer
ence. Usually it is quiet enough 500 to 
1,000 feet away from the buildings. The 
power to run the preamplifier runs out 
through a long multiconductor cable and 
the signals come back. Power supplies, 
additional signal amplification and a mag
netic tape recorder are placed in a heated 

building for convenience in checking the 
operation of the system and changing 
magnetic tapes. The tape recorder in
stalled at the South Pole Station was a 
custom-made, slow-speed analog record
er. Since the signal frequency is only 3 
Hertz, the recorder can be operated at 6 
inches of tape transport per hour and 4 
months of recording fits on one ?-inch
diameter tape reel. 

The antennas, cable, amplifiers and 
tape recorder were completed, tested and 
packed last summer and shipped off to 
McMurdo Station, the main U.S. base in 
the Antarctic. In early January (mid-sum
mer in the Southern Hemisphere), we 
joined the influx to Antarctica, parties 
from Australia, New Zealand, and Russia 
as well as from the U.S. taking advantage 
of the continuous sunshine and tempera-

Figure 1a. Schematic view of the magnetosphere. The earth's magnetic field is symmetric about 
the magnetic polar axis. As the earth rotates the geographic south pole moves in a circle about 
the magnetic pole. Once each day the south pole lines up under the dividing line, the cusp, 
between magnetic lines which close on the sunward side and the lines which go back into the 
magnetic tail. 

Figure 1b. View of magnetosphere to scale. The boundary nearest the sun is about 10 times the 
earth's radius from the earth's center. Trajectories are shown of two satellites to be launched in 
July 1981 to investigate the coupling (through electric fields, electric currents and waves) 
between the magnetosphere and the ionosphere. Dynamic Explorer A has an elliptical orbit that 
initially carries it into the cusp. Dynamic Explorer B has a low circular orbit in the upper 
ionosphere. 
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tures not too far below 0 degrees Fahren
heit, to collect data and install recording 
instruments. U.S. participants funneled 
into Christchurch, New Zealand, there 
boarding U.S. Navy C-130 Hercules prop
jets for the 8-hour flight to McMurdo. 

Equipped with heavy cold-weather cloth
ing we travelled for another thousand 
miles to South Pole Station, a cluster of 
prefabricated structures perched precar
iously on the vast glacier that covers the 
polar cap. The station is over 9,000 feet 
above sea level, so workers, especially 
newcomers, must move slowly to avoid 
shortness of breath and rapid palpita
tions. Thirty people filled the camp to 

Amp-

1000 ft 
r-----' 

lifi er 
Tape 

Recorder 

Figure 2. Block diagram of pulsation recorder. Hydromagnetic waves (near 1 Hertz) traveling 
perpendicular to the pickup coil induce a small signal voltage which is amplified and recorded. 

Figure 3. Signals from the east-west antenna at Siple Station. The wave frequency is .7Hz but the 
waves come in packets. The dots under some packets indicate the repeated reception at Siple of 
one-wave packet at intervals of about 2 minutes, the "bounce" time of the wave packets from one 
hemisphere to the other and return. The marked packet grows for ten minutes then decreases; 
other packets also grow and decline in this interval. Auroral light pulsations with identical 
repetition times but delayed after the wave pulsations were also seen. 

SIPLE EAST 

0245 0250 
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overflowing at the peak of the "summer" 
activity. A few weeks later, in early Febru
ary, temperatures of -50 degrees Fahren
heit would prevent further airplane flights, 
and the "winter-over" party, population 
now down to 15, settled in for the long 
sunless winter, tending recording instru
ments and struggling to fend off the 
insistent cold. Before we left, our anten
nas in their snow vault detected wavering 
bursts of 1-Hertz waves and wrote them in 
microscopic magnetic signatures onto the 
tape. 

Science 

With a similar system in operation since 
1973 at Siple Station we have studied 
waves in the inner magnetosphere, near 
the surface of a region close to the earth 
where the plasma density is relatively 
high. The density drops suddenly at this 
surface and waves are frequently gener
ated in this transition region. Sometimes 
they appear in a series of bursts, or wave 
packets, where the wave packet is record
ed at Siple, travels to the opposite hemi
sphere, to Rober.val, and again appears at 
Siple about two minutes later (see Figure 
3). Occasionally, coincident with the wave 
packets, pulsations in auroral light are 
seen with each light pulse delayed about 
20 seconds after the wave packet. Appar
ently the waves are generated and ampli
fied by interaction with protons circling 
about the magnetic field line near the 
equatorial plane. As the protons give ener-
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gy to the waves, they lose energy and their 
velocity parallel to the magnetic field 
remains the same, however, so they spiral 
deeper into the atmosphere in their 
bounce motion (see Figure 4). In upper 
atmosphere some of the protons collide 
with atmospheric atoms, exciting their 
electrons to higher energy levels. When 
the electrons drop back to the ground 
level, light is emitted, causing the light 
pulsations. 

At higher latitudes, the magnetic field 
lines are closer to the outer surface of the 
magnetosphere. Changes in solar wind 
pressure push in the magnetosphere or let 
it expand. Solar wind plasma forces its 
way into the magnetosphere in the mag
netic tail and moves back toward the 
earth. Electric fields are set up as the con
ductive plasma moves across the mag-

View of coil being assembled. The permalloy 
rod, pickup coil and preamplifier are fitted into 
a heavy aluminum cylinder for protection when 
the coils are buried in the snow. 

Sensors being installed at the South Pole. In the background are the buildings of the South Pole 
Station. A geodesic dome (1 00 feet in diameter) with aluminum skeleton and skin encloses three 
separate structures including a communications building, a two-story dormitory and a mess hall. 

auroral light 
J(' oxygen atom 

wave 

proton giving 
up energy 

~to wave 

Figure 4. View of the interaction between a spiraling proton and 1-Hertz wave. Wave, travelling 
along magnetic field in direction opposite to proton, gains energy at the expense of the proton's 
perpendicular energy. This causes proton to spiral at a more shallow angle to the field line and 
thus penetrate more deeply into the atmosphere. The resulting collisions give rise to auroral light 
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netic field lines and across the conductive 
ionosphere. These turbulent processes in 
the outer magnetosphere also generate 
waves near 1 Hz but these are not sinusoi
dal, single-frequency, waves. Irregular in 
wave form, they contain frequencies 
across the band from .01 to 1 Hz. We are 
studying the form of these waves and their 
association with ionosperic electrical cur
rents to discover how they are generated. 

In addition to these high-latitude waves, 
the South Pole detectors will periodically, 
once a day, be on field lines that form the 
cusp. Over most of the front side of the 
magnetosphere, solar wind plasma arrives 
perpendicular to the magnetic field. Sub
ject to the V x 'B force acting on any 
charged particle, the plasma is reflected 
and flows around the sides of the magnet 
osphere. Near the cusp the velocity, V, is 
parallel to 8, however, and plasma can 
enter, funneling down toward the earth. 
This region of the magnetosphere, little 
explored to date, appears to be one of the 
entry regions through which solar wind 
energy and water and matter can get into 
the magnetosphere. Charged particles en
ter, electrical currents flow and plasma 
processes generate waves including those 

near 1 Hertz. 
Another tool in study of this region will, 

we hope, be in operation in July 1981 
when the NASA Dynamic Explorer Satel
lites are to be launched (see Figure 1b). 
Among the many instruments to study 
plasma characteristics, we have on-board 
magnetometers to measure waves near 1 
Hertz. We hope to see the waves near the 
cusp, the high-latitude waves and the 
waves near the plasmasphere, both in 
space where they are generated and on 
earth with our Antarctic detectors. The 
wave detectors in space are particularly 
valuable since they will be supported by 
the other plasma instruments measuring 
high- as well as low-energy particle flux
es, electric fields and electrical currents. 
With these measurements we should be 
able to make substantial progress in un
derstanding how the waves are generated 
and how they propagate. Further in the 
future, our 1-Hertz waves may be useful as 
diagnostic tools. Through remote sensing 
on the earth's surface we hope to be able 
to determine important features of plas
ma processes far out in the magneto
sphere. (naiN--oLOO) 

System being tested in the Space Science Center before shipment to the Antarctic. Vincent 
Peterson, physics senior, conducts the test. Julie Franklin, physics jtnnior, and Bruce Chuchel, 
astronomy graduate student, also worked on the project. 
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Earn $19,000 net pay the first year. 
One year training program in nuclear field. 

Qualifications: 
+ college senior or bachelor's degree 
+ completed courses in calculus and 

calculus-based physics 
+ pass aptitude test, physical 

qualifications and qualify for 
security clearance 
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U.S. citizen 
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NAVY OFFICER PROGRAMS 
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MINNEAPOLIS, MN 55440 
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' 
by Renee Valois 

s the energy crunch becomes 
more intense, the demand for "sav

ing" technologies also increases. People 
do not just hope for cheap, working solar 
power or fusion power, they expect it. But 
before these technologies are perfected, 
conservation must help stretch our pre
cious energy resources. An interesting 
study performed through IT's Heat Trans
fer Laboratory shows that consumers can 
play a large role in this important area. 

An "Analysis of Residential Use" per
formed by R.J. Goldstein, M.E. Schneider, 
and M.l. Clark and published in Septem
ber, 1979 as a report by IT, outlines three 
studies. In each, the energy use in single
family residences of the Twin Cities area 
were analyzed and found to be, in some 
cases, dependent more on wasteful occu
pant practices than physical building char
acteristics. 

The first study dealt with a sample of 
224 homes located near White Bear Lake. 
The houses were constructed by the same 
contractor, and were physically similar. 
Gross floor area, type of energy service, 
construction, roof material, exterior build
ing material, and heating type were noted 
for each home. A year's worth of gas and 
electric use information on each home 
was obtained from microfiche records. 
Distribution of energy as a function of 
floor size and heating type was studied. 

Most of the living areas of the houses 
were about 1,050 square feet; the stan
dard deviation was 215 square feet. As the 
living areas increased in size there was 
noted a trend of declining gas use per unit 
area. Electricity use remained constant 
throughout the year, the average annual 
use for each h.ome being approximately 
960 watts. 

A large variation in electricity consump-

10 

tion and gas consumption could not be 
explained by the variation in floor areas. 
Also, though most homes consumed hard
ly any gas during the summer months, 
there were some which used dispropor
tionately large quantities. The large varia
tion in gas consumption for a fairly small 
variation in floor area remains a mystery. 
Though the houses were similar, their 
energy use definitely was not. 

The second study used a sample of 
1,664 Minneapolis homes to examine elec
tricity consumption. The homes were not 

' 
chosen to be similar as in the first study, 
but detailed assessor's data was available 
on the homes. The sample was considered
large enough to be statistically significant 
to a large city. The intent was to show the 
effect of some of a home's physical attrib
utes on electricity use. 

The mean home living area was 1,105 
square feet, only slightly larger than that 
of the first study (1 ,054 square feet). But 
the standard deviation was almost twice 
as large. Gravity and forced-air systems 
made up 84 percent of the heating types 

Figure 1 
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employed in these Minneapolis homes. 
The main exterior wall materials were 
stucco (43 percent) and wood (35 per
cent). The majority of the homes had less 
than 1.5 stories (75 percent), no fireplaces 
(87 percent), full basements (83 percent), 
and unfinished basements (80 percent). 

Although the total area of the Minnea
polis homes was on the average slightly 
greater than that of the White Bear Lake 
homes of the first study, the average elec
trical energy use for this sample of Min
neapolis homes was considerably lower 
than for the homes in the first study (5,367 
vs. 8,295 kwh, respectively). Also, although 
the area of the Minneapolis homes varied 
more than that of the WBL homes, the 
WBL homes had a greater standard devia
tion in electrical use. 

In the Minneapolis study, as in the WBL 
one, there were homes which used a dis
proportionately large share of electrical 
energy. 

As one might guess, it was discovered 
that, usually, the larger the home, the 
larger the amount of electricity consumed. 
Again it was found that few homes had 

major differences in their consumption of 
electricity from summer to winter. 

The variation in electricity consumption 
was large. Only 66.7 percent of the popula
tion used between 0.5 to 1.5 times the 
mean consumption. (The standard devia
tion was 54 percent of the mean.) 

Strangely enough, the parameters con
sidered in the study-total living area, 
ground floor living area, number of stor
ies, proportion of basement finished as a 
living area, age of dwelling, and main 
mode of heating-could only account for 
approximately 12 percent of the variation 
in the use of electricity (see Figure 1). 
Hence, it was suggested that the rest of 
the spread in consumption had to be due 
to some combination of measurable para
meters (such as wall area, window area, 
insulation, and appliances), and unmea
surable parameters (such as "lifestyle"). 

The third and final study attempted to 
measure the importance of factors that 
affect gas consumption in homes. Natural 
gas use patterns for all of Minneapolis (a 
sample of 65,539 homes) were studied. 
Information sources included actual me-
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ter readings to provide energy data, and 
observations made by tax assessors to 
provide physical information on the 
homes. The physical data included size, 
heating type and fuel, building materials, 
age, information on fireplaces, basements, 
etc. The utilities provided energy use his
tories as well as meter readings and use 
estimations for months when meter read
ings were not performed. 

The main exterior wall materials, as in 
the second study, were stucco (47.7 per
cent) and wood (27.9 percent). The rest of 
the homes used metal siding, brick, stone, 
concrete block, or other materials as their 
main exterior material. 

The main heating methods (in order of 
frequency) were forced air (36.8 percent), 
gravity (34.9 percent), and hot water (24.5 
percent). Interestingly, stucco homes 
were almost evenly distributed among the 
use of gravity, hot water, and forced air 
heating systems, while more than half of 
all brick, stone, and concrete block homes 
employed forced air. 

The highest average house age was 
found in pipeless, unit-heated, and stove
heated homes, which were also fairly 
small. The forced-air-heated homes were 
fairly new, and the hot-water- or steam
heated homes were large. 

Almost 75 percent of the homes were at 
least 40 years old. Only about a third of the 
houses had at least one fireplace. Al
though over 90 percent of the homes had 
less than 1,750 square feet of total living 
area, the largest home had an amazing 
10,928 square feet of living area. Similarly, 
the average value of the houses as of 1976 
was assessed at a mere $25,867, but the 
most expensive house was valued at 
$252,000. The largest percentage of 
homes (31. 7 percent) were valued in the 
range of $20,000-$26,000. 

None of the parameters of heating type, 
construction material, or home value was 
found to significantly affect gas consump
tion. However, as expected, a correlation 
between gas use and floor area was found 
(see Figure 2). Surprisingly, there was 
discovered a large spread (defined as the 
ratio of use at the mean plus one standard 
deviation to use at the mean minus one 
standard deviation) in gas-consumption 
and gas-consumption-per-unit-area distri
butions. The first study yielded spreads of 
only 1.69 to 1 and 1.67 to 1, respectively; 
by contrast, study three had spreads of 
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2.11 to 1 and 2.34 to 1 (see Table 1 ). Thus 
16 percent of the homes used less than 
half the gas of another 16 percent of the 
homes. 

The final conclusions, drawn verbatim 
from the three studies, are as follows: 

1) There is a large spread characteristic 
of residential energy use for homes of like 
physical characteristics. 

2) Some 40 percent of the variation in 
gas use can be explained on the basis of 
the data at hand, mostly due to differ
ences in gross floor area. 

3) The other 60 percent of the variation 
must be accounted for by a combination 
of the following: 

a) Physical parameters which 
were not available for the homes in 
Study Ill such as insulation, infiltra
tion, wall and window areas, etc. 
Note, however, that in Study I the 
homes are quite similar in physical 
characteristics and yet the spread in 
consumption-per-unit-area is only 
slightly lower than Study Ill. 

b) Non-physical parameters 
which are included under the gen
eral term "lifestyle." 

4) Some 12 percent of the variation in 
electricity use can be explained on the 
basis of the data available to us; again, 

INTRODUCING 

T E P-41 

Table 1 

STUDY I STUDY II STUDY m 
Number of homes 209 1664 65539 56068 1182 
Gross Floor Area (ft2) 1054/215 1105/384 1162/376 1160/375 1247/396 
Ground Floor Area (fF) 830/178 866/237 864/238 898/204 
Age of Home (as of 1976) 40.3/17.2 49.0/17.0 49.1/16.5 50.0/11.0 
Yearly Gas Use (fP x 100) 1675/428 1715/609 1636/465 
Yearly Electric Use (Kwh) 8713/3295 5367/2938 
Percent Stucco Homes 41.5% 47.7% 48.1% 54.4% 
Percent Wood Homes 34.7% 27.9% 28.2% 24.1% 
Percent with Forced Air 40.6% 36.8% 36.1% 
Percent with Gravity Heat 42.7% 34.9% 35.5% 
Percent with Hot Water Heat 13.5% 24.5% 25.1% 
Yearly Gas Use Per Area 1.65/.42 1.54/.62 

(100 fP gas per fF area) 

Numbers separated by a slash = mean value/standard deviation 

most of the explainable variation is due to 
gross floor area differences. 

5) Although the coefficients on these 
regression equations are probably not 
applicable to other geographic areas, simi
lar results on energy spread are likely to 
be present in other cities. 

6) There exists a small percentage of the 
population which consumes amounts of 
energy far out of proportion to its num
bers. Thus it might be possible to reduce 
significantly the total amount of energy 
used in residential dwellings by specifical
ly directing programs toward this group. 

These conclusions show the major role 
the ordinary homeowner can play in con
serving gas and electrical energy. It is not 
merely the physical house, but also the 
habits of the owner which affect residen
tial energy consumption. Each of us, now 
and in the future, has the ability and the 
opportunity to squander energy or con
serve it. Now that we know that we have 
this ability-to a surprisingly high de
gree-let us employ it wisely. Then, even 
if the perfection of fusion power is slow 
in coming, we won't be left out in the 
cold! (~ 
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by Gordon Plorin 

ere we go again, thought George, get 
ready for it. 

"Today's assignment ought to be a real hare
raising experience!" Isaac grinned wide, ob
viously pleased with his latest pun. 

"Rabbits, huh? Hand up the orders." Isaac 
took the clipboard from the dash and passed it 
up to George. "Two per kilometer, in pairs. 
Okay, Isaac, let's get them loaded." Isaac 
opened the crate and began loading the rab
bits onto the crawlers while George program
med the courses and density. For the rest of 
the day, Isaac provided a steady flow of bad 
puns about hare transplants and furry god
mothers, followed by winces of pain from 
George. 

Enough! Enough! thought George, or at 
least a really good pun for a change! 

When the crawlers were full they came up 
one rabbit short on the count. "I dropped one 
earlier," offered Isaac, "it began eating my 
shoelaces so I booted it away. Ran toward the 
goat crawlers. I'll get it." He turned and jogged, 
but not before shouting for George's benefit: 
"Hey, silly rabbit! Those trips are for kids!" 

I can't take it, thought George, I can't. Isaac 
had been driving foremen crazy right from the 
first days of soil and plant distribution. Three 
months of dirty jokes followed by four of seedy 
stories and now weeks and weeks of beastly 
puns. Well, he admitted, at least the superin
tendent rotates him daily. Otherwise some
body would surely have gone insane by now. 

Isaac returned, rabbit in hand. "He got into 
some goat crawler oil. Now I've got greasy kid 
stuff on my hare!" 

Too much, thought George, that line was old 
when we left Earth. "Good. Listen, Isaac, my 
orders say that these rabbit pairs are supposed 
to be tied together until they're released. Go 
back to the mothership and pick up a roll of 
hare line." 

Isaac's brow furrowed with puzzlement, but 
he trotted off toward the mothership. 

Relief! George watched Isaac as he left. By 
the time he figures it out the suns will be down 
and we can quit. Besides, Isaac deserves it. 
After checking the food supply and fuel level, 
he set the timer to begin at first sunrise. The 
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crawler would spend the following week popu
lating the southern quarter of the Eta continent 
with white rabbits. 

"George! Hey, George!" He turned to see 
Isaac shouting from one of the mothership's 
hatchways. "Hey, George! There's a snake 
here!" George could just make out something 
black and slender moving down the ramp. 

"Sure, Isaac," he shouted back, "Now pick 
up the hose and get back to work!" 

"No, honest, George! It's really a snake! 
What do I do?" 

"Cute, Isaac. Look, even if we'd brought 
snakes, they'd be white like the rest of the 
animals." 

"George! It's going to get away!" Isaac did 
sound frightened. 

Blast!thought George. He was sure that this 
was just one of Isaac's pranks, but it was a 
foreman's responsibility to check things out. 
He put on a scowl and headed for the mother
ship. Isaac appeared to be following some
thing on the ground. 

"George! Hurry! Look out, it's coming your 
way!" Isaac pointed to the ground. 

George saw a slim black line lying motion
less in the grass. "Real cute, Isaac. Take the 
tubing back to the HEY!" The line had sud
denly jerked left and headed across the field. 
"Hey, it's a snake! Really! Catch it!" 

They began shouting and jumping, chasing 
the snake. Other workers heard the noise and 
came running. Soon a dozen and more people 
had joined them, all dodging and weaving, try
ing to get a grip on the snake. But this was not 
one of their carefully bred, gentle creatures. 
This was a wild, cunning snake which darted 
left and right, slipped through their legs, and 
sped out of reach. Not at all like the meek 
rabbits or docile mice that could be easily 
approached and carelessly picked up by the 
ears or tail. Twice, a hand grasped its body and 
twice the snake sank its teeth into a worker's 
flesh. In the end, it slipped through a row of 
bushes and was lost into a stand of trees. The 
suns went down. 

Later that evening, a meeting was held in 
grave concern. Even Isaac seemed worried. 

"We have a serious problem," began the 
superintendent. "There were to be no preda
tors on this planet. Every creature was geneti-
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cally modified for extreme gentleness. Appar
ently this snake got on the ship and went into 
freeze with the rest of the animals. It will have 
no enemies and plenty of easy meals." 

"Maybe it's a herbivorous snake," offered 
Isaac. 

"No such thing. All snakes are carnivores." 
"I don't understand, sir," asked George. "It's 

just one snake. After it lives out its lifespan it 
will die, and the planet will be without preda
tors again." 

"We cannot be certain that it was not a preg
nant female." The superintendent passed a 
hand through his thin gray hair. "Furthermore, 
we do not know what its lifespan will be since it 
has not been adjusted by virus infection as the 
other animals have been." 

"Could we get something that eats snakes? 
Hawks, maybe?" 

The superintendent smiled politely. "You 
forget how far Earth is because you were fro
zen. Eighty-six light-years is a long way." The 
superintendent had not been frozen, and his 
gray hair and wrinkled face were evidence of 
the journey. "Tomorrow, everyone is on search 
detail. We must find that snake. Animal disper
sion can wait for a few weeks if necessary. 
Foremen will make preparations tonight." 
There were a hundred murmurs. To alter their 
schedule by weeks betrayed the superinten
dent's fears. 

"Sir?" It was one of the copter pilots. "Some 
of us have loads ready to fly for the next few 
days. Must we cancel? There's plenty of peo
ple for search parties. Really, how much dam
age can one snake cause in a few days?" 

"You miss the point. Even if we find the 
snake tomorrow, we cannot know if she's had 
young or how many. Their food supply has 
been genetically selected for meekness. With
out enemies or pre-set lifespans and preg
nancy rates, their reproductive capacity could 
be enormous. 

"Moreover, this is Eta, the seventh continent. 
Human colonies are only being started on 
Alpha. At our planned rate of expansion, 
humans will not visit this continent for thou
sands of generations. Evolution and ecology 
could go berserk. We must carefully," he took a 
thoughtful breath, "meticulously comb the 
area within ten kilometers of the mothership, 
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beginning immediately." 
The grumbling ceased. It was late. The 

superintendent made one last comment for the 
night. 

"Tell me," he asked. "There were at least 
twenty of you trying to capture the snake. Why 
didn't anyone simply jump on its head?" 

Isaac's brow furrowed again. "Sir, that might 
have killed it." 

"Precisely." 
From the puzzled expressions it was appar

ent that nobody had thought of actually harm
ing the snake. 

"Perhaps," the superintendent finished, "we 
have also selected ourselves for gentleness." 

hilip burst into the laboratory, forgetting 
to knock. "Professor Quinn!" He panted 

for breath. "There's a big worm eating Ross!" 
Phineas Quinn was calm, never even looked 

up from his mouse. "Worms don't get large 
enough. Ross weighs nearly two hundred 
kilograms." 

Philip was catching his breath. "Huh? Oh! 
No, not Ross the cook, Ross the horse! Behind 
the stables. And the worm is maybe a hundred 
yards long, about six feet thick. Come see for 
yourself!" 

Phineas put down his scalpel and probe, 
stared at the student for a moment, trying to 
detect any flippancy. There was none. "Philip," 
he asked, "it is Philip, isn't it it? Last quarter's 
field zoology class? Good. Philip, describe this 
worm." 

"Well, it's black. Covered with scales, like a 
chicken's leg." 

"It has a jaw?" 
"Sure. And lots of teeth. Ross never had a 

chance." 
"Philip, let's go see this worm." The profes

sor covered his mouse with a wet paper towel 
and they departed. Passing through the few 
permanent buildings of the biology outpost, 
they came to a narrow road which led to the 
stables. Beside the road was a broad pasture 
for the horses and cows. Beyond that lay the 
wilderness: unsettled and largely unexplored. 
Ahead, a small crowd had gathered and a 
clamor was growing. 
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In a moment, Phineas Quinn knew the cause 
of the noise. A huge, shiny black snake lay 
quietly in the field with a dead horse halfway 
into its mouth. People were excitedly walking 
about, patting its sides or gently prying at the 
scales to peek beneath them. A few students 
had walked up its tail and were sitting on its 
back. But mostly they just stared at Ross being 
slowly pulled into the snake's mouth, amazed 
to see an animal eating another animal. 

A young co-ed spotted the professor com
ing up the road and soon a small group had 
gathered around him. He had a reputation for 
producing spontaneous lectures that later ap
peared as essay-exam material. The students 
did not want to be surprised on this occasion. 

"Well, what is it?" the professor queried. 
There were several blank stares and puzzled 
grins. Finally someone guessed: "A lizard?" 

"Close. How many of you have ever seen a 
lizard?" A few hands rose. Lizards were rare on 
Beta continent. Phineas made a mental note to 
put his preserved chameleon on display for his 
class. 

"Carefully now, how does this differ from a 
lizard?" 

"It doesn't have legs." 
Phineas grinned a little. "Obviously. How 

else?" 
"No eyelids." 
"Good. What about ears?" Curious glances 

were followed by awed smiles. Imagine, a deaf 
animal.! The professor continued his impromp
tu lecture on comparative reptilian anatomy, 
indicating the wide belly scales and the extra 
slack in the jaw, patting the side of the great 
head to illustrate the location of the quadrate 
bone. Although he'd never actually seen a 
snake before, Phineas had become an author
ity on the old Earth creature after having 
missed a snake question on his Ph.D. exam. 
Now he was having a wonderful time. He con
cluded his speech by peeling back one of the 
snake's lips to show the students the strongly 
recurved teeth which held so tightly to the 
horse's thigh. 

To all the prodding the snake never reacted, 
being entirely unaccustomed to enemies. In
deed, even the close presence of animals 
seemed not unfamiliar, since shyness had 
been so completely eliminated from the genes 
of its prey. Likewise, the students showed no 
fear, having never encountered a meat-eating 
animal before. 

Professor Quinn dropped his finale: "Stu
dents, this is a snake!" He paused to watch 
thier amazement. As the last of the horse was 
being pulled in, he related the legend of the Rat 
Snake, of a single snake having been acci
dently loosed on Eta, the farthest continent... of 
a frantic, fruitless search which lasted for 
months, followed by an elaborate system of 
fences and finally the total destruction of the 
isthmus to the neighboring continent, using a 
mothership's nuclear fuel. 

Phineas was in better style than usual, ob
viously enjoying himself. The students lis
tened intently as he speculated on the evolu-
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tionary developments of the last twenty thou
sand years. 

"Our records indicate that snakes on Earth 
rarely exceeded ten meters in length. But with 
an easily captured food supply and without 
enemies, an increase in size might allow great
er reproduction. Imagine the size and number 
of eggs! Imagine the age of a snake this large! 
A single snake might have hundreds of litters, 
might travel thousands of kilometers!" 

Behind him, a great, slowly moving lump 
was barely visible in the snake's neck. "Profes
sor, what if it eats another horse?" 

"I suppose we should put the rest of the 
horses in the stable for the night." He grinned. 
"But after such a meal I doubt if it will be 
hungry for some time." 

"Professor, could the snake eat people?" It 
was the co-ed. 

"Oh, I can't imagine ... " He halted, thinking. 
Could a human be eaten? It was unheard of. 
But horse-eating was unheard of, too. The 
snake was slowly drawing its body up towards 
its head. Phineas Quinn's eyes suddenly widen
ed with horrified realization, as the snake 
began flicking its tongue across the ground. 
Slowly the students began to back away, and 
then ran, stumbling toward the stable. 

The massive snake lifted its chin from the 
grass, arched, and struck at the most promi
nent moving object: a white lab coat flapping in 
the evening breeze. 

he serpent made a wide circle around 
the banana tree and then coiled at its 

base. Slowly, its head rose to a bright bunch of 
yellow bananas, turned left, then right, and 
finally hung motionless facing the tree. Its jaw 
dropped. In the corner of its mouth, a man's 
head gradually appeared, peeking through the 
teeth into the forest. 

"Looks clear, Bryce. Hold her steady, I'm 
going out." Remus moved in a crouch across 
the floor of the serpent's mouth with its plastic 
tongue between his feet. Above him Bryce lay 
in the serpent's skull watching for snakes. 
Remus clipped the bunch from the tree and 
dropped it into the mouth. In the serpent's 
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throat Asa took the bunch and dropped it 
behind him, down the neck to the man in seat 
four, who passed it further back until it was tied 
down in storage area nine. Bryce closed the 
serpent's jaw. Head lowered, the serpent slid 
further into the forest toward the berry patch. 

Remus was crawling over Asa to get to his 
seat. "C'mon, duck your scaly head lower, 
Doc!" he said. After a few more dramatic 
grunts, he buckled himself into seat three. 
"Good eye, Bryce," Remus shouted past Asa. 
"Those bananas are nearly ripe. Fills our quota 
faster than berries, too." 

Bryce smiled. As he banked the serpent off 
the trees, its scales could be heard scraping 
bark loose. The thousands of hydraulic pistons 
in the serpent's skin made no sound as the 
computer alternately contracted and relaxed 
them, bending the serpent to left and right, 
causing its body to undulate. Bryce had been 
piloting this serpent for two years now, and 
Asa had signed on five months ago. But 
Remus, the head picker, had ridden on its 
maiden voyage, and he'd out lasted two ser
pents before that. Remus was the best of the 
pickers: he could tell if the breadfruit was ripe 
by the sound of it rubbing on the scales. Bryce 
was lucky to have him, even if he did complain 
a lot about having to sit behind Asa. Yes, 
Remus squawked about always having to climb 
over the second seat, but he knew how impor
tant it was to have their herpetologist seated 
just behind the pilot. He just liked to give Asa a 
hard time. 

"Small snake on the left. Maybe twelve feet 
long. You ready, Remus?" 

"In a moment." A net was passed forward 
and the leading five pickers unbuckled them
selves. Bryce glided the serpent into some 
shrubs just out of sight of the snake. Quickly, 
he dropped the jaw and the men rolled out to 
capture the young snake. 

Bryce closed the jaw and lifted the head 
about ten feet to watch for large snakes. The 
men swiftly circled, then rushed into the small 
clearing and dropped the net over their mark. 
In a few moments they began carrying their 
neatly bundled prize toward the place where 
the serpent waited. The catch would put them 
in favor with the research lab and they didn't 
mind eliminating a snake, either. 

"SNAKE!" Bryce was shouting over the ser
pent's nostril speaker. "Big snake, twelve 
o'clock. Run! Get your scaly hides moving." 

Four of the men dropped their bundle and 
sprinted, but Remus stayed long enough to cut 
the young snake's throat. A moment later, a 
huge black snake burst into the clearing and 
snatched Remus into its jaws. 

There was no time to mourn his friend. With 
the four pickers on board, Bryce raced the 
serpent through the trees. "Scales!" he swore 
to Asa. "A snake that size will swallow him in 
minutes. He's sure to follow. I'm dropping 
phermones. Stand by, Asa." 

The herpetologist unbuckled and braced 
himself in the chair, ready to leap. Since they 
couldn't outrun the snake, they had no choice 
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but to mimic a female and try the mating 
sequence. Now Asa's years of training would 
be put to full use. 

"Asa, there's a clearing up ahead. Flat and 
wide, but a little rocky. We'll have to chance it." 

Asa tensed, and shouted back to the crew: 
"Check your pockets! Verify!" Behind him 
zippers closed and buckles snapped. The crew 
shouted back their readiness. A month earlier, 
a pencil had fallen from a crewman's pocket 
during a mating sequence and the male had 
felt the vibration. That serpent had been de
stroyed and half its crew killed when the snake 
attacked. 

"Okay, Asa, here it comes. I'm switching to 
full computer. Phase one, we're gliding on 
auto ... now!" Bryce pushed back from the con
trols and dove into the serpent's mouth. Even 
as he did, Asa had sprung over him, grasping 
the controls. 

"Phase two, recognition." Bryce braced as 
the head suddenly jerked. "Phase three, quies
ence." Bryce scrambled to the throat, quickly 
buckled down Asa's arms, waist, and legs, and 
then seated himself in Asa's previous seat. 
Bryce was a good pilot, but only a well-trained 
herpetologist had the knowledge, reactions, 
and instinct that it took to fool a male snake 
through a mating sequence. 

"Phase four, contact!" From the rear of their 
serpent, a scraping sound was moving for
ward. The crew sat quietly sweating as Asa 
manipulated the computer and called out their 
progress. "Phase five. Hang tight, he wants to 
roll her!" The snake pushed his nose under his 

mate's belly and shoved her over. Upside 
down, Asa pressed a switch and the serpent 
coiled. "Phase six .... " 

Thirty minutes passed of rolling, knotting, 
caressing, and finally: "Phase twenty-two, here 
comes the climb!" In the serpent, the crew's 
muscles tightened in anticipation of a rough 
ride. This was the last step of the pre-mating 
dance, but it was also the most dangerous. 
Bryce could hear breathing through the ser
pent's teeth. Outside, the snake pressed his 
chin against the serpent's chin and together 
they rose, chin to chin, neck to neck, belly to 
belly. Straight up ten, fifteen, twenty meters. 

"Ready for damage!" Suddenly, the male 
jerked his head to his right. Asa jerked the 
serpent to the left, and together they crashed 
onto the rough ground. Their computer had 
cushioned the fall somewhat, but a rock shat
tered through the serpent's teeth and splin
tered the left jaw's lock-piston.lnstantly, Bryce 
grasped it to prevent rattling and tripped a 
solenoid to latch the jaw shut. 

"Phase twenty-three. Relax, guys, it's easy 
now. Bryce, you okay?" Blood and oil ran 
through the pilot's fingers, but the wound was 
minimal. The ship had withstood the punish
ment and the male had been fooled. Snake and 
serpent mated. 

The blades of grass swished against the ser
pent's belly. Scales/thought Bryce as he head
ed down into the valley. He thought of his days 
as a boy when he could hike the forest or sleep 
under the stars without fear. He thought of 
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3 CONVENIENT CAMPUS LOCATIONS 
MAIN OFFICE: 1801 Riverside Avenue 
South 341-3505 
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Remus's son. What have we come to, he won
dered, sneaking through the forests in fear and 
living in caves? Someday they would develop 
weaponry to kill all snakes and live in peace 
again. But Bryce knew that day wouldn't be 
soon: all knowledge of fighting had been left 
on Earth many years ago. 

Behind them, up on the mountain, Bryce 
could see the huge male returning to the clear
ing where the dead snake lay. Scaly beasts, he 
thought, eating their own young! He arched 
the serpent against a boulder and slid down a 
fallen log, going home. 

Elaphe stared at his lifeless son. "Hands!" he 
cursed. "Killing defenseless children!" He gent
ly took the net in his teeth and shook the limp 
snake free. Slowly, very slowly, he grasped his 
son's head in his mouth. He loathed having to 
eat another snake, but the humans would 
return if he did not. It was better than having 
their fingers on his son. 

He remembered a time when a young snake 
could roam the world freely, peacefully hunt
ing rabbits and goats. But those days were 
gone. His son's tail slipped down his throat. 
Someday they would find where the humans 
lived and root them out, but not soon. Their 
hunting skills had been forgotten long ago. 

Down the mountain he could see his recent 
mate slowly gliding away. He sighed. Even the 
ladies didn't seem to be the same. Elaphe 
turned slowly, the grass gently stroking his 
chin. He slipped under some brush and be
tween two trees, going home. (TECHNoiOO) 

606 24th Ave. S. 341-2194 
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by John Bartelt 

Justin Leiber, Beyond Rejection, Ballan
tine, 177 pp. 

hat do you do to review the first 
novel by the son of a famous author? 

Do you accept it on its own merit or do 
you mai<e the comparison to the parent? 
Seeing how the publisher had made the 
comparison in its blurb, I think it's safe to 
do the same. 

This is a very well-written novel by any 
account, its prose better than mos,t found 
in the sf field. lsmael Forth (male) awakes 
in a female body, and while the medical 
crew that restored him fights the possibil
ity of rejection syndrome, lsmael comes 
to terms with his new body, new gender, 
and his new tail. .. The story is a well-paced 
adventure with interesting characters, and 
the background is as interesting as any 
that i have read. You might think that 
comparisons to John Varley are in order, 
but Leiber writes of a future not as out
rageous as Varley's, but as intriguing. This 
book is highly recommended. 

Brian M. Stableford, Optiman, DAW, 190 
pp. 

Sf has had stories of perpetual war 
before, but the aspects of such 

societies that have been looked at tend to 
be from the mainstream of their life, full of 
war heroes or tired soldiers. The Forever 
War by Haldeman and Bill, the Galactic 
Hero by Harrison come to mind. But what 
of the people who have resigned from the 
fight? It's one thing to run to Canada or 
Sweden to avoid a brush war in southeast 
Asia, but what about the war that pits two 
entire races against each other for centur
ies? Where can you hide? 

Stableford presents Remy, a soldier 
who deserts on a planet just recently 
taken from the Veitch. Heidra has a Veitch 
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population and native cultures, but as ot 
yet very few humans. Into this metastable 
setting, add rumors of a cache of artifacts 
of a long-dead interstellar civilization that 
could turn the tide of the human-Veitch 
war for whoever makes the discovery ... 
Taut, well-paced adventure as one has 
come to expect from Stableford, the clos
est to an "unsung hero" that the sf field 
has today. 

Jack Vance, Nopalgarth, DAW, 272 pp. 

his new Vance title comes from 
combining three of his short novels, 

"The Brains of Earth" (now called "Nepal
garth"), "The Houses of lszm," and "Son 
of the Tree." Vance in the last decade has 
become generally known as the foremost 
chronicler of alien cultures. One can lose 
track of the fact that there are many cul
tures on this planet that have values and 
mores very much different from our own; 
but given the writing skills of Mr. Vance, 
we are continually made aware of how 
alien a man can be. 

In "Nopalgarth," a man is kidnapped 
and told that he has to rid the human race 
of an invisible mind parasite, or the Xaxan 
will do the same, at great loss of life. The 
difference in the way that the two races 
see the universe around them comes to be 
the crux of the impossible situation. 

In the second story, "The Houses of 
lszm," Aile Farr is visiting lszm, where 
fabulous treehouses are grown, and expe
riences the natives' paranoia that their 
secrets will be stolen. Is he part of a con
spiracy to steal a tree or a seed, or is he the 
unlucky one who was present during a 
raid on a tree farm? Vance writes a fine 
mystery here with a humorous conclu
sion. 

In "Son of the Tree," Joe Smith, working 
his way back to Earth, finds himself in
volved in political intrigue on a planet of 
modern-day Druids who worship an en or-
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mous twelve-mile-tall tree. While hiding a 
body for a Druid priestess, Joe has to 
work with a representative of another 
world which is struggling with the Druids 
to develop another, virgin planet. These 
stories don't represent Vance at his best, 
but they make a great introduction to his 
work. 

Gordon R. Dickson, Wolfing, Dell, 157 pp. 

his is a reprint of an unfortunately 
obscure 1969 novel that was one of 

Dickson's better efforts. Mankind has 
made its first interstellar voyage, only to 
discover that we exist at the fringe of an 
ancient interstellar Empire of human be
ings. We must obviously be but a lost col
ony of these folks, and our future must 
depend on their good will, so a man is sent 
who might entertain the powers that be 
and some how determine the background 
of the situation. James Keil is that man, 
but being an anthropologist, he has his 
own notions to explore, and they don't 
correspond with the wishes of his supe
riors. An excellent book to test one's own 
reasoning powers against. 

H. Beam Piper, Space Viking, Ace, 243 pp. 

ne of the classics of the early 
1960s when released, Space Viking 

is similar in view with Heinlein's Starship 
Troopers: one must be willing to fight for 
one's freedoms. The choice is a little more 
clear-cut here: Lucas Trask is not very 
keen about the Space Vikings' pillaging 
for much the same reasons as the Vikings 
of old. But when his wife is murdered and 
he is gravely wounded at their wedding, 
his plan to avenge himself on Andray 
Dunnan, Space Viking, is to go a-viking 
himself. By the author of Little Fuzzy, this 
is a very different book, and perhaps you'll 
agree, a better book, as well. 



Donald Wollheim (ed.), Wollheim's World's 1975, catch up with this volume. 
Best SF: Series Four, DAW, 269 pp. 

his is are-release of what had been 
The 1975 World's Best SF, and it 

was a very good year. Here is the Hugo
winning "Song for Lya" by George R. R. 
Martin; a rare short story by Brian Stable
ford, "The Sun's Tears"; "The Four-Hour 
Fugue" by Alfred Bester, which has been 
later expanded into the novel GOLEM 100 

(this version reads much better); Michael 
Bishop's "Cathadonian Odyssey"; "Twig" 
by Gordon Dickson; and "Stranger in Par
adise" by Isaac Asimov. All read very well. 
Also stories by Bob Shaw, Craig Strete, 
Fred Pohl and C.M. Kornbluth, and Syd
ney VanScyoc. If you weren't reading sf in 

Isaac Asimov and Martin H. Greenberg 
(eds.), Isaac Asimov Presents the Great 
SF Stories 1- 5 (1939-1943), DAW 

r if you want to go back a little 
farther, try the "Isaac Asimov Pre

sents" series. Each of these anthologies 
contains the best sf stories from a particu
lar year. There are several reasons for 
starting with 1939-the primary being that 
many equate the opening of the "Golden 
Age of Science Fiction" with 1939: the first 
complete year of John W. Campbell's edi
torship of Astounding Science Fiction 
magazine, and the first published stories 
from Isaac Asimov, Robert Heinlein, Thea-
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dore Sturgeon, Alfred Bester, A. E. Van 
Vogt and Fritz Leiber. Included in this 
book are Sturgeon's first, "Ether Breather" 
(from the September issue of Astound
ing), Heinlein's first, "Life-Line" (from the 
August Astounding), and Van Vogt's first, 
"The Black Destroyer" (from the July 
Astounding). You see that Campbell's edi
torship had to be the single major force to 
shape sf for many years. Also from the 
July Astounding are Asimov's "Trends" 
(his first appearance there, though his 
third published story) and C. L. (Cathe
rine) Moore's "Greater Than Gods." Ano
ther classic is "Heavy Planet," by Milton 
Rothman (from the August Astounding
though I assure you, not all the stories are 
from Astounding). "1, Robot," the first use 
of the "Adam Link" series of stories by 
Eando Binder is also included (this was 
the original use of the title, predating 

Asimov, and of course the record by Alan 
Parsons). For fans of "Neanderthal Man" 
there are two stories: "The Day is Done" 
by Lester Del Rey, and "The Gnarly Man" 
by L.Sprague de Camp. Two very differ
ent approaches, but both are full of irony 
and pathos. Among the eleven stories I 
haven't mentioned are tales by Robert 
Bloch, H. L. Gold (founding editor of Gal
axy), Henry Kuttner, Jack Williamson and 
"Don A. Stuart" (one of Campbell's pseu
donyms). 

That first volume is a tough act to fol
low, but the series maintains its high qual
ity. The second book, covering 1940, nat
urally, contains such gems as "Farewell to 
the Master" by Harry Bates (which was the 
basis for the movie The Day the Earth 
Stood Still), "Strange Playfellow" by Asi
mov (the first of his "positronic robot" ser
ies, reprinted here with its original title and 

its unpolished form), and "Butyl and the 
Breather" by Theodore Sturgeon (a se
quel to "Ether Breather"). There are, how
ever, no stories by Heinlein "because 
arrangements for their use could not be 
made." This is a regretable lack, not only 
because the stories are missing, but be
cause it mars the anthology's historical 
value. 

Check out the third, fourth and fifth 
books, too (and any more that come 
along). They all contain superb stories. 
Each book starts with an introduction to 
place them in their "real world" perspec
tive; each story has its own introduction, 
with notes about the author, by Green
berg and/or Asimov. Many of the stories 
have been reprinted elsewhere, but for a 
comprehensive, year-by-year history of 
science fiction since the "Golden Age," 
you can't beat this. (~ 

If you're a civil, aeronautical or electrical engineer, you should be aware of the opportunity to 
practice your skills as an Air Force Officer. You'll work with the most sophisticated equipment in the 
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world and you'll tackle projects of national priority. Projects that plant you firmly in the exciting 
mainstream of the state-of-the-art. Plus, consider these additional benefits: 

0 One of the finest compensation and employment packages in the nation. 

0 Graduate education opportunities that can be paid in full by the Air Force while 
you continue to draw pay as an officer. 

Completion of our three month officer training program will qualify you 
for a commission as an Air Force engineer. See your Air Force 

Recruiter today- he'll give you the details. 

Capt. larry Kugler at 725-6139 
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From flight control systems to 
navigation satellites. That's the kind of 
company Rockwell international is. 
We're a major multi-industry company, 
applying advanced technology to a 
wide range of products in our 
aerospace, electronics, automotive 
and general industries businesses. Of 
our 108,000 employees, 16,000 are 
scientists and engineers. 

We now have positions available 
for hundreds of engineers. These are a 
few of the disciplines we're looking for: 
Electrical, Mechanical, Industrial, 
Aerospace, Civil and Chemical 
Engineering plus Computer Science, 
Physics and Chemistry. 

You'll have an opportunity to 
work with the engineers and scientists 
who've successfully pushed the state of 
the art of so many technologies. 
What you can learn from 
them will offer 
unparalleled 
opportunities for 
professional growth 
and pride of 
accomplishment. 

Join us. 

We provide 
an excellent 
package 
of benefits 
including 
programs 
of in-house 
education and 
tuition reimbursement for advanced 
studies. 

For details on Rockwell career 
opportunities, write to: Allen G. 
Bormann, Rockwell International, 
Corporate Offices, 2230 E. Imperial 
Highway, El Segundo, CA 90245. 

Equal Opportunity Employer M IF 

Challenges in Aerospace. 

We're building 
the Navstar satellites 
for the Global 
Positioning System 
(GPS) which will 
enable land, sea 
and air navigators to 
determine their 
positions to within 30 feet 

anywhere on earth, their 
speed to within a fraction 

of a mile per hour, and 
current time to within a 
m iII ionth of a second. Other 
projects include advanced 
research in many aspects of 
aviation and aerospace. We are 
prime contractor for the Space 
Shuttle orbiters, their main 
engines, and we're assisting 
NASA in the integration of the 
entire Space Shuttle system. 
Our extensive technology is also 

being applied to the world's growing 
need for alternate energy sources: 
projects for nuclear energy, coal 
gasification and liquefaction systems. 

Challenges in Electronics. 

Among our many electronics 
products are flight control and 
electronic flight instrument systems 
which will be standard on the -

Boeing 757 and 767 aircraft. 
We're one of the world's 

leading suppliers 
of avionics for 

air transport, 
general aviation 

and military aircraft. 
Our commercial 
electronics 

businesses also 
produce extensive I ines 
of telecommunications 

products and systems. Among our 
current defense electronics 

projects is development of prototype 
user equipment for the GPS Navstar 
satellites being built by our Aerospace 
Operations. We also produce a variety 
of microelectronic systems and 
devices. 

Rockwell 
International 

... where science gets down to business 

Automotive I Aerospace 
Electronics /General industries 



The Technolog Board of Publications has named Peter 
Marsnik, chemical engineering sophomore, to the position of 
Technolog editor for next year. Marsnik has extensive experi
ence in small-town newspaper and radio sports reporting, and 
was editor of his high school yearbook. He dorms in Frontier 
Hall, is chairman of Frontier's social committee, and plays 
intramural basketball. Marsnik was chosen from about ten 
applicants. 

A reminder of the Solar Energy Research Institute's toll-free 
number for information on alcohol fuels: 1-800-525-5555. For 
information em active or passive solar heating or cooling tech
nologies, call: 1-800-523-2929. A national roster of speakers on 
solar energy is also available from 1-800-525-5000. And the 
address for SEAl's midwest regional center for solar activities 
is: Mid-American Solar Energy Complex, 8140-26th Av. S., 
Bloomington, MN 55420. 

A reminder, too, of the Minnesota Starwatch number: 376-
5587. Messages updated regularly by the Department of 
Astronomy. 

For some good propaganda reading, check out Hooker 
Chemical's two new pamphlets which exonerate Hooker of 
blame in the Love Canal incident: "love Canal: The Facts 
(1892-1980)" and "No Demonstrable Health Effects ... " Write: 
M.D. Reichgut, P.O. Box 4289, Houston, TX 77210. 

For a free 16-page guide titled, "Creating Permanent Fabric 
Structures," write: Sally Bateman, CHEMFAB, Birdair Struc- · 
tures Division, Water Street, P.O. Box 476, North Bennington, 
VT 05257. 

"Scientific !Russian Without Tears" ($2.50) and "The Best of 
loco Chemical" featuring Loco's able leader J. Conrad Bleet 
and his famous love song with lover's reply ($1.00; $3.00 for 
both booklets) are available from the American Chemical 
Society. Write: Business Manager, The Chemical Bulletin, 86 E. 
Randolph St., Room 403, Chicago, IL 60601. 

Student and school awards totalling $19,000 will be given in 
the 1981 Student Engineering Design Competition for grad
uates and undergraduates in two broad divisions, structural 
and mechanical. Deadline for paper entry, July 1, 1981. Write: 
Secretary, James F. Lincoln Arc Welding Foundation, P.O. Box 
17035, Cleveland, OH 44117. 

Six area firms were recently selected as winners of the 1981 
Consulting Engineers Council of Minnesota Engineering Excel-
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lence Awards Competition: Ellerbe Associates, Inc. of Bloom
ington (Hartford Civic Center lighting control system, Hartford, 
CT); Geotechnical Engineering Corp. of Roseville (building 
foundation, Loring Way condominiums); Helmick & Lutz Co. of 
Minneapolis (Blandin Paper Co. fuel conversion and cogenera
tion facility, Grand Rapids, MN); Schipke Engineers, Inc. of 
Minneapolis (0-AT-KA Milk Products Coop Dry Clean Dairy, 
Batavia, NY); Soil Exploration Co. of St. Paul (parking and 
storage area, Eden Prairie Menard Plaza); and Tillitt & Associ
ates, Inc. of Minneapolis (International Bridge Addition, Interna
tional Falls, MN-Fort Frances, Ontario). (ncH'N~ 

Two new books can show you how 
offshore banking and foreign 
trusts can help increase and 
preserve your wealth. 

How to Profit From 
Offshore Banking 

Anyone Can Profit With 
A Secret Foreign Trust 

30-day, money back guarantee 

D Send me "BANKING" at $22.50 
D Send me "TRUST" at $22.50 

D Send me both books for $31.50 
N~e __________________________ __ 

Address ------------------------

City/State/Zip __________________ _ 

Visa/MC # Exp. __ _ 

Signature 

GD&L PUBLISHING 
2124 Union St. Courtesy of 

San Francisco, CA 94123 [mTE'"CHNO"""'·~LOG 
(415) 346·3280 . ;u~u. .. q 
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Is it an tri arthatr ns 
lin , 

ra s arth tr ns n 
tri ity? 

PROPULSION BATTERY 

It's both. 
It's a hybrid car being developed by General 

Electric for the Departtnent of Energy. It's powered by 
both a gasoline engine and an electric tnotor. 

This car runs part of the time on gasoline, part 
of the time on batteries, and combines both power 
sources when needed. 

The electric 1notor will be used primarily for. 
speeds from zero to )O mph, and the gasoline engine 
for tnost highway driving. When you need extra power· 
for passing, the electric motor automatically kicks in to 
boost the power. 

The key to the operation of this vehicle is a 
GE-designed microcomputer. This computer, about 
the size of a cigar box, continually receives signals from 
more than three dozen sensors, tneasuring all the 
functions of the vehicle. 

The microcotnputer takes this information and 
determines the amount of power needed to tneet the 
driver's cmnn)and when he presses on the accelerator 
or brake pedal. It then decides when to turn power on 

or off and when to switch 
from gasoline engine to elec

tric motor. It blends in each power 
source so smoothly that there is no 

jumping or jerking. 
The result is a car that gives big engine 

performance and small-engine fuel economy. It's 
estimated that gas consumption will be cut in half 

The hybrid car could well be the wave of the future 
in personal transportation. 

Looking for new and practical solutions to 
transportation problems is just one example of research 
in progress at GE. We're constantly investigating new 
technologies, new materials, and innovative applica
tions for existing technologies-in such areas as energy 
sources, motors and drives, aerospace systems. 

This takes talent -engineering talent -not just 
in research and development, but in design and manu
facturing, application and sales. 

If you'd like to know more about engineering 
opportunities at GE, check your Placement Office 
or write to: Engineering, Building )6-so4, Schenec
tady, NY 12)4S· 

Progress for People 

GENERAL~_ ELECTRIC 

An Equal Opportunity Employer 
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Big government versus high technology versus the environmentalists versus the 
fatcat corporations ... Who's against who? Who's for what? And what does it mean for 
us engineers-to-be? 

It all began, or began to be apparent, in 1963 when the California appellate court 
wrote a landmark decision (Greeman v. Yuba Power Products, Inc., 1963) stating that a 
manufacturer is strictly liable in tort (i.e., in any wrongful act, damage or injury done 
wilfully, negligently or under liability for which a civil suit can be brought) for any 
product he markets-knowing it will not be inspected for defects-which proves to 
have a defect which causes injury to any human being. As product liability cases have 
increased nationwide, many other state courts have assimilated similar precedents. 

Then came the National Traffic and Motor Vehicle Safety Act of 1966, the Highway 
Safety Act of 1966 and the Air Quality Act of 1967. These acts authorized the new 
Department of Transportation (created in 1966) as well as the Department of Health, 
Education and Welfare to mandate safety and environmental standards for much of 
today's transportation technology. 

After these came the Occupational Safety and Health Act (1970) and the Consumer 
Product Safety Act (1972) whereby Congress intended to protect Americans from 
"unreasonable risks of injury associated with consumer products." 

According to a January article in Engineering Education (Tim A. Jur eta!., 
"Engineering, the Law, and Design Education"), 

the acts and regulations passed by Congress make extensive use of voluntary standards 
developed over the years by interested parties and collected under the American National 
Standards Institute and many professional societies, testing organizations and trade 
associations. At the same time, many agencies find these standards inadequate and are 
either developing new standards in-house or are seeking outside groups for this purpose. 
It is clear, however, that product safety standards are significantly influencing the design 
process. 

Through these and other regulatory acts, government is clearly seen to have taken a 
role in setting design criteria for today's engineers, and evaluating their compliance 
with these criteria. 

Although President Reagan's administration now seems to be leaning toward 
abolishing much of what it sees as regulatory overkill, the facts are that much of these 
regulations will remain indelibly in our lawbooks as court precedents which dictate 
that product safety is the responsibility of the manufacturer-i.e., the design engineer. 

IT has, for example, an innovative ME Senior Design Program which gives students 
hands-on experience in meeting professional design needs. Yet even in these courses, 
design regulations are mentioned only in passing. (An exception is the MTC design 
project, where students frequently bump heads with state restrictions.) But for the 
most part, the IT curriculum does not directly address such issues. "We should," 
admits ME Prof. Darrell Frohrib, but adds that a four-credit course can only teach so 
much. 

As it is, he says, "it hits them (IT graduates) between the eyes when they get into 
their fields." 

Besides holding var
ious flunky positions, 
Steve Deyo has been a 
chemistry T.A., compu-
ter technician, sales 
manage~ language tu-
tor/interpreter, church 
speaker, musician and 
Technolog editor. 
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Nancy Hurd is an in
veterate researcher and 
an Incurable writer. 
(She likes to see her 
name In print.) But 
above all, she's good at 
it. 

by Nancy Hurd 

I n this age of microelectronics, chips 
become smaller as their impact on 

our daily lives becomes larger. A com
puter that was once housed in 100 feet of 
frames now fits on a fraction of one frame. 
The introduction of very large-scale inte
grated circuits (VLSIC) has enabled en
gineers to place 150,000 electronic com
ponents on a single silicon chip about 
one-tenth the size of a postage stamp. 

One of the major features of micro
electronic advances is the ability to store 
greater amounts of information in smaller 
areas. With increased storage capabili
ties, speech, as an added dimension of 
computers, is becoming more practical 
and economic. Optical recording tech
nology has created a 30-cm disk that 
stores 10 billion bits of information. At 
16,000 bits per second (bps), a data rate 
adequate for quality voice reproduction, 
this disk could provide a continous con
versation for one week. (Certainly there 
must be a greater advantage, since most 
of us know someone equally capable of 
this feat. And indeed there is.) Applica
tions range from teaching toys, such as 
Texas Instruments' Speak and Spell, to 
aids that convert printed material into 
spoken words for vision-impaired or blind 
people, to a voice-identification security 
door known as "mantrap." 

Although some systems employ listen
ing or voice-recognition technology, most 
are capable only of speaking or voice
synthesis. Even in the realm of artificial 
intelligence, listening, it appears, is more 
difficult than talking. (For a detailed in
vestigation of speech recognition, see the 
January, 1981 issue of Scientific Ameri
can.) In spite of the difficulties, systems 
utilizing limited vocabulary recognition 
do exist. 

State-of-the-Art 

In Illinois, state employees make long
distance telephone calls by reading aloud 
a credit card number to a computer. If the 
computer recognizes and accepts the 
number, the call is switched to the next 
open line. 

Bell Telephone labs are also working on 
a directory-assistance system where the 
caller spells the name, and the computer 
responds with synthesized speech. 

The U.S. Navy Air Station in Memphis, 
Tennessee, employs a computer to train 
air controllers. The computer devises a 
simulated air-traffic control situation on 
radar, listens to the trainee's responses, 
and gives an oral criticism of the student's 
decisions. The Navy is also doing re
search on a model which could receive 
oral commands from pilots flying high
performance aircraft. NASA is interested 
in applying this idea to spacecraft. 

Useful medical applications include 
computers that operate wheelchairs from 
voice commands given by quadriplegics, 
voice-response systems that can raise or 
lower hospital beds and tune TVs. 

The Ford Motor Company uses a voice
response system in Britain and West Ger
many to allow dealers to communicate 
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their needs to the supply warehouse. A 
human voice responds to the dealer's 
keyed-in orders, verifying the part number 
and stock availability, and automatically 
placing the order. 

Cartographers and even sheep inspec
tors in New Zealand voice their findings 
into computers, leaving their hands free 
for work. 

In the speech synthesis market, prod
ucts include Texas Instruments' hand
held language translator that gives French, 
English, German or Spanish pronouncia
tions for words punched into its key
boards. The Vortrax division of Federal 
Screw Works in Michigan puts out a Multi
Lingual Voice System that speaks seven 
languages-those listed above, plus Ital
ian, Japanese, and Farsi (Persian). This 
system is in the $6,000-$8,000 bracket-a 
bit high for most hobbyists. Products may 
range from $50,000 (Vortrax's LVM-70 
Business Communicator) to $15 (Texas 
Instruments' Vowel Power). 

Not only is a range of prices available, 
but also a variety of systems to generate 
all this talk. Tape recorders and tele
phones could be considered, in a broad 
interpretation, as speech synthesizers. 
They follow the major steps of the process: 
1) encoding of the voice signal, 2) storage 
or transmission of the signal, and 3) 
decoding of the signal. Not including 
analog recording, however, there are two 
major types of digital voice-response sys
tems incorporating several subtypes. 

The majority of subtypes are found in 
the time-domain category. The time-do
main techniques involve the recording 
and storage of speech signal parameters, 
such as volume and frequency, as a func
tion of time. 

Time-Domain Techniques 

Pulse Code Modulation is a time-do
main technique used in telephone-quality 
systems. This method stores coefficients 
corresponding to the voltage/time rela
tion of the original speech signal. Al
though the quality of reproduction may be 
excellent, this system requires a high data 
rate of 64,000 bps. 

Continually Variable Slope Delta 
(CVSD} is another time-domain method 
that gives good quality speech from only 
16,000 bps. CVSD integrated circuits are 
currently available from Motorola (MC 
3417), Harris Semiconductor (HC 55516), 
and Consumer Microcircuits (FX209), but 
there are some drawbacks to this system 
as well: it requires substantial support 
hardware; the ICs are "sole-sourced" (not 
interchangeable with other units); the da
ta is highly encoded and requires exten
sive software for decoding followed by 
frequency analysis; and it does not work 
well for "conference" networks with more 
than one user at a time. Further, this 
system requires an amplitude normaliza
tion program for storing a large vocabu
lary because variations in volume during 
input create variations in the speech data. 

The MIMIC speech processor is a low
cost, relatively low-bit rate (9,600 bps) 
time-domain system that was designed by 
James C. Anderson, a graduate student at 



MIT. The MIMIC system uses standard 
components with minimal external hard
ware. The data is not highly encoded, and 
is easy to analyze and use in communi
cation networks. The amplitude of the 
signal is normalized automatically. 

Linear Predictive Coding (LPG) is a 
method that stores a set of coefficients for 
a filter which most closely matches the 
spectrum of the section of speech to be 
reproduced. This is a technique which 
can reduce the data requirement of sys
tems by calculating each time sample of 
speech signal from a weighted sum of the 
previous N samples, where N is the order 
of the predictor. LPC requires approxi
mately 3,000 bps in order to match the 
voice of the speaker, but only 1,200 bps 
for basic understandability. Two types of 
LPC are Source Logic and N-Pole Digital 
Filter. 

Voice~Response Systems 

An early analog system, now digital, is 
the formant. A formant is a resonance of 
the vocal tract. The first, second, and third 
formants correspond to the fundamental, 
third and fifth harmonics. Sound is primar
ily characterized by its formants, pitch 
frequency and/or "noise" element, the 
first two formants being the most essential 
for satisfactory synthesis. This process 
stores in memory only the location of the 
center frequencies of each original reson
ance, which is of greater importance than 
the relative amplitudes. Formant-based 
systems are popular for their lower bit rate 
requirement (800 - 600 bps) and quality 
reproduction. (Detailed information on 
this process may be found in the July 1980 
issue of Electronic Engineering.) 

The second primary type of voice-re
sponse system is the phoneme synthe
sizer. Phonemes are basic phonetic units 
of speech such as vowel or consonant 
sounds and "sh" or "ch." Having the 
lowest data rate, 100-600 bps, the phon
eme system is a good way to achieve 
satisfactory results where memory or 
bandwidth is at a premium. At the lowest 
rate, however, the speech has a mechani
cal or "robotic" sound. Natural-sounding 
speech is difficult to attain with this 
method because phonemes are not truly 
independent units, but are modified by 
the preceding and following phonemes. 
Computalker Consultants have alleviated 
some of the problem by plotting a smooth 
curve through the center of the phoneme 
coordinates. Though human-like speech 
may be desirable for most public appli
cations, Texas Instruments found that 
children actually prefer the mechanical 
sound. 

A brief comparison of each of the sys
tems discussed is shown in Figure 1 and 
Table 1. 

In choosing or designing a synthesizer, 
it is essential to consider the purpose for 
which it will be used. Intelligibility is a 
necessity, but voice quality may not be. 
Vocabulary needs will certainly vary, and 
modifications flexibility may also be need
ed. 

The highest quality synthesis is usually 
obtained when each phrase to be spoken 

is stored individually. Of course, the trade
off is a massive memory requirement. One 
way to reduce the ROM requirements 
would be to store only once the most 
commonly used parts of phrases. Some 
naturalness will be lost, however, since 
the addition of overlapping waves causes 
a wave pattern different from simple link
age of the individual waves (see Fig. 2). 

Undeniably, the applications of voice 
response systems are limitless. The fu
ture, no doubt, will find voice recognition 
equally viable and useful. Meanwhile, 
there is something for everyone, from 
Nippon Electric Company's $78,000 "Hear 
and Holler" computer, to a $5-$10 single
chip 2r word speech synthesizer.(TE'C'iiNol:oo) 
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Technolog took five awards for magazine excellence at this 
year's Engineering College Magazines Associated (ECMA) 
Convention, held April 9-11 at the University of North Caro
lina-Raleigh. 

Magazine professionals evaluating entries from about forty 
magazines in ten categories awarded Technolog first place for 
Best Single Issue in the category of five or more annual issues 
(Fall II, 1981 ); third place for Best Non-Technical Article (Steve 
Deyo, "What About UFO's?," Winter II, 1980}; honorable 
mention for Best Technical Article (Nancy Hurd, "Meteorites 
and life," Fall II, 1981); honorable mention for Best Layout, 
Single Issue (Fall I, 1981 ); honorable mention, Best Layout, All 
Issues (Winter I, 1980-Fall II, 1981). 

Technolog was also given a first-place plaque for Best 
Layout, All Issues (Winter I 1979-Fall II, 1980) which was 
misplaced at the 1980 convention, bringing last year's awards 
to a total of five (including two first-place awards). 

ECMA is a federation of 39 engineering college magazines 
nationwide, with their staffs and advisors, serving America's 
engineering colleges through technical writing and editing. 
Technolog and nine other magazines (seven of which still 
publish) founded ECMA in 1920. 

Boiling water bubbles originate in microscopic nicks and 
scratches in a container's surface called nucleation sites, says 
James W. Westwater of the University of Illinois at Urbana
Champaign's Department of Chemical Engineering. 

In his tests, Westwater produced enhanced boiling surfaces 
by electroplating a copper base with nickel while immersing it 
in a boiling liquid, gaining a yield of active sitesasdenseas 175 
cm 2• Boiling heat transfer through convection, he found, is 
optimal when nucleation sites are shaped conically, or as a 
narmw=mouthed reentrant cavity. 

Optimal heat transfer would allow the use of smaller heat 
exchangers in the cooling apparatus of, say, nuclear reactors. 

Experiments conducted by Ryoichi Hayatsu, Robert G. Scott 
and Martin H. Studier of Argonne Laboratory's Chemistry 
Division, working with Roy S. Lewis and Edward Anders of the 
Enrico Fermi Institute and the Department of Chemistry at the 
University of Chicago, have explained for the first time the 
abundance-on earth, in meteorites and in the interstellar 
dust-of a form of carbon so elusive that it wasn't even 
discovered until 1968. 

It has been a long-standing paradox in chemistry that 
carbon, which is found in all living things, crystallizes in only 
two forms: diamond and graphite. Then, in 1968, researchers 
from the Carnegie Institution discovered a third form of carbon 
in rocks from a meteorite crater in Germany. 

The new form of carbon, carbyne, ranges between diamond 
and graphite in hardness and density and is colorless. Unlike 
diamond and graphite, which consist of single and double
bonded carbon atoms respectively, the new form consists of 
triple-bonded carbon atoms. 

At first, carbynes were thought to be extremely rare. They 
had been found in "strongly shocked" materials in nature, such 
as rocks from meteoric craters and in meteorites themselves. 
They also had been produced in the laboratory by the 
condensation of carbon vapor at very high temperatures, above 
2,300 degrees Celsius. 

Now, scientists believe carbynes actually are a major con
stituent of interstellar dust. They are so well camouflaged on 
earth, however, that on superficial examination they would 
seem to be impure forms of graphite. 

The University of Chicago's Lewis and Anders, along with 
researchers from the Aerospace Corporation in El Segundo, 
CA, studied the carbon content of samples of two meteorites 
-one which fell on Allende, Mexico, in 1969 and another which 
fell near Murchison, Australia, in 1968. The Allende meteorite 
- the first extraterrestrial evidence of naturally occurring 
carbynes - was found to be more than 80 percent carbyne. 

From their studies of the isotopic composition of noble gases 
trapped within the fragile, stony meteorite samples, it appeared 
that carbynes in the Allende meteorite had been formed in the 
primal solar nebula. 

The carbynes in the Murchison meteorite, on the other hand, 
were found to be unlike most other materials in the solar 
system. They are thought to be "presolar" grains of dust ejected 
from a red giant star or supernova which eventually found their 
way into our developing solar system. 

The Argonne-University of Chicago team used mass spec
trometry to identify the carbyne in a sample of the Allende 
meteorite. When the sample was heated to between 250 and 
330 degrees Celsius a series of triple-bonded fragments was 
released from the carbynes. 

The team further found that carbynes are formed in a 
metastable state by the reaction of carbon monoxide and 
hydrogen at 300 to 400 degrees Celsius along with a chromite 
or olivine catalyst. The only previously known modes of 
formation involved very high temperatures or explosive shock. 

A General Electric physicist says monitoring slight changes 
in the flow of radom gas through fractures in the topmost layers 
of the pia met's crust could signal an impending earthquake up 
to 2,400 miles away. 

Radon is released by the decay of uranium, widely distri
buted throughout the earth's crust In relatively porous regions, 
small amounts of radon tend to move from one point to 
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another-borne along by other gases, or by ground water at 
velocities of only a few inches or so per hour. 

A schematic representation of relative earthquake risk in the United States. The enclosed 
areas have a 4 to 10 percent chance of an earthquake within SO years; the darker stippled 
areas have a 10 to 20 percent chance; the darkest stippled areas have a 20 to 40 percent 
chance and the black areas have a greater than 40 percent chance. 

On occasion, however, this flow increases or decreases 
significantly-as if shifting the pores through which the radon 
is moved. A recently noticed correlation with earthquakes 
occurs frequently enough to suggest that radon flow is affected 
by the opening or closing of crustal cracks as stress builds up 
prior to an earthquake-or is released by an actual tremor. 

In his theoretical model, Dr. Robert L. Fleischer treats the 
earth as a body comprised of an elastic material containing a 
"stress center," the release of which would generate an 
earthquake. On this basis, Fleischer predicts the distances 
earthquakes of various magnitudes on the Richter scale should 
exert stresses strong enough to affect radon flow in crustal 
rocks. He calculates, for example, that a tremor rating of 5 on 
the Richter scale should not influence radon flow more than 60 
miles away, while a major tremor-such as the 1979 Alaskan 
earthquake (magnitude 7.7)-could have an effect out to 2,400 
miles. 

Publications 

World-ranging abstracts of selected solar energy technology 
are available from the United Nations University, Toho Seimei 
Building, 15-1 Shibuya 2-chome, Shibuya-ku, Tokyo 150, 
Japan. Articles are also solicited for future abstracts. 

For listings of various textbooks treating m.11clear power 
which are available from the American Nuclear Society, write: 
S. H. Krapp, Business Manager, ANS, 555 N. Kensington 
Avenue, LaGrange Park, IL 60525. 

A catalog of Brick House's 1981 solar and wind energy 
releases is available from Brick House Publishing Company, 
Andover, MA 01810. Most come in paperback. 

How-to-do-it drafting formulas, technique and terminolo
gy-with practice problems-are crammed into the new Mod
ern Topographic Drawing by Robert C. Steele ($14.95 + $1.50 
postage and handling). Write: Gulf Publishing Company, Book 
Division, Dept P022, P.O. Box 2608, Houston, TX 77001 

Planning an Energy Futures Conference for Your Community 
27 pp., free. Write: Document Distribution, Solar Energy 
Research Institute, 1617 Cole Blvd., Golden, CO 80401. 

Central Unresolved Issues in Thermal Energy Storage for 
Building and Cooling by Swet and Baylin. Suggests areas for 
further research. 42 pp., $3.00 microfiche, $4.50 hardcover. 
Write: National Technical Information Service, 5285 Port Royal 
Road, Springfield, VA 22161. [!iECHNol.:OO) 
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by John Bartelt 

Frederik Pohl. The Cool War; Del Rey/Bal
lantine Books, 1981; 282 pages; $10.95. 

F red Pohl has done it again with still 
another fine novel: The Cool War. 

The story is set in the 2020s-an energy
poor (specifically, oil-poor) time, when 
nations are still competing for the edge in 
trade and world power. There aren't any 
real "shooting wars" any more (nothing to 
gain from them), but there is a war of 
subtle sabotage and psychological ploys ... 
like choking a nation's waterways with a 
new breed of water lily. The hero, a 
Unitarian minister-the Rev. H. Hornswell 
Hake-is recruited/drafted by the Ameri
can team engaged in these sorts of covert 
operations. He is also contacted by Leota 
Pauket, an ex-graduate student who is 
working to stop the saboteurs on both 
sides. Hake is being groomed for a big 
mission, all the while wondering what he 
is doing and what is going on. 

The book is actually comprised of three 
stories that originally appeared in Isaac 
Asimov's Science Fiction Magazine: "Mars 
Masked" (March, 1979); "The Cool War" 
(August, 1979); and "Like Unto the Lo
cust" (December, 1979, and January, 
1980-the first serial ever published in 
Asimov's). But this is really a single, well
connected story. Oh, the seams still show; 
and there might be one or two tiny incon
sistencies that didn't get edited out. But 
the small resolutions that finish the first 
two stories only partially relieve the ten
sion that leads to the final climactic 
scenes. 

After reading the book, i also skimmed 
through the magazine versions. For the 
most part, they are identical-just the 
minor revision needed to make the book 
flow. There are a few details changed to 
make the logic of the story sounder, I 
think. And there are a couple of interest
ing details leH out of the book: in the 

magazine it says Leota went to the Univer
sity of Minnesota, and her parents lived in 
Duluth! Why these facts were left out in 
favor of a vague reference to the Midwest, 
I don't know. But the main setting has not 
changed. Hake lives in Long Branch, New 
Jersey; that's not far from Pohl's home in 
Red Bank. And there's a magician in the 
story, The Incredible Art, who lives in 
Rumson-modeled, apparently, on The 
Amazing Randi, who does in fact live in 
Rumson (or so I've been told by one 
Rumsonite). 

The novel's setting is very believable, 
very well done, with a lot of nice details. 
The action requires a bit more suspension 
of disbelief-but I was more than willing 
to do that. The pacing and the plot make it 
a hard book to put down. But this is more 
than a futuristic spy novel. Pohl gradually 
works in a deeper level. Why do we 
sometimes play the roles we do? What is 
hypnotism, really? Why do we follow 
orders? Why do we do what we do? The 
examination of these questions, and the 
answers Pohl suggests, make for an even 
more enjoyable book. 

Paul 0. Williams, The Breaking of North
wall; Del Rey, 1981; 280 pages; $2.25. 

cience fiction category 5A-2: after 
the Holocaust, radioactive areas are 

left dead, but perhaps no longer deadly. 
Here is the finest example of this category 
since Sterling Lanier's Hiero's Journey, 
and stylistically it owes much to Lanier, 
Edgar Pangborn and Jack Vance. 

Jestak was sent back east by the city 
council to learn about the cities of the 
east. Unfortunately, behind their own 
walls, they had no idea of the conditions 
between Pelbarigan (around St. Louis) 
and what was once the Northeast. Jestak, 
gone six years on a four-year trip, comes 
back alone, bearing the mark of one of the 
local barbarian tribes, and won't talk about 
what happened. He is exiled to the sister 
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city of Northwall, and goes gleefully. 
Needless to say, he is instrumental in 

turning his world on its ear-that's the way 
these books work. But Williams does it 
with such acumen and savvy that this 
reader was drawn into the world. The 
major peoples of the plains are well de
veloped, and I found the elements of their 
culture to which we are exposed to be 
very realistic. With this one book, Paul 0. 
Williams has become a new writer to be 
looked for in the future. 

Richard Cowper, Profundis; Pocket 
Books, 1981; 207 pages; $2.25. 

humorous retelling of the story of 
Christ. Peter Jackson has been pro

moted by the computer that runs the HMS 
Profundis, a British super-sub, as a way of 
giving new meaning to the dull life away 
from the radioactivity of World War Ill. But 
it soon becomes apparent to all concerned 
that there are others involved with young 
Peter's "promotion." The society that has 
evolved on the submarine is a parody of 
our own, with gambling and prostitution 
establishments, and a stratified society 
not far removed from British life now. A 
minor but humorous novel. C~ 

John Bartelt reads 
science fiction books 
and writes about them. 
For this he has been 
endowed with the pres
tigious title of Science 
Fiction Book Reviewer. 
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by Margaret O'Hartigan 

he sound of banners whipping in the 
wind prompted Megan to turn her head. 

There, just behind her, the bearers stood; 
beyond them sunlight glinted, red-gold, from 
the bronze spear-points raised to the sky. 
Hundreds of spear-points. Hundreds of wom
en. 

Megan faced forward once more. At the 
edge of the ridge crouched the Spider, shoul
der deep in the tall grass, back turned towards 
her. Megan studied the tawny form before her, 
watching for the least movement and aware 
her vigil could go on for hours. Then, sud
denly, a hand flashed out enticingly. Instantly 
Megan was on hands and knees and beside her 
friend. Ariane looked at Megan and smiled, 
though her eyes seemed distant; preoccupied. 
Full of the web about to be woven. 

"There," Ariane said, nodding her head. 
"They come." She didn't point, she didn't need 
to; from across the broad slope of the valley 
they could be seen. 

Men. In their hands were spears, by their 
sides were short swords and shields. They 
were dressed in the empty skins of dead 
creatures. The skulls sat on the tops of their 
heads, the furs hanging over their backs, cape
like. Megan stared at them in amazement. She 
had heard tales of how men sought to capture 
the strength of dead bears and lions by getting 
inside them. Did they do the same with van
quished women? 

She looked back over her shoulder towards 
her sisters. They could not be seen from her 
position in the grass but she knew should she 
stand up they would be in her eyes as they 
were in her mind: tall, strong and tanned; 
naked but for weapons. 

She turned back at the touch of Ariane's 
hand on their thigh, warmer than even the sun 
shining overhead. 

"They are very strong," Ariane said, "be
cause they eat meat and because they are 
men. But that is their weakness, also. They 
haven't our endurance." 

"What do we do?" 
"Today we are mother hens," Ariane an

swered softly, "leading them on away from the 
nest until they tire. Then we kill them." 

Megan nodded her head solemnly, already 
spinning the spell in her head. As she crouched 
to follow the Spider back to their sisters Megan 
reflected how she herself was now a nest. She 
was four months pregnant. 

I 

A drop of water fell upon the paper, running 
down the sheet and smearing the lines of ink as 
it sank. Megan stared in consternation at it, her 
concentration broke. Her face felt suddenly 
chilled. She brought her hand up and realized 
she was covered with a cold sweat. Her mus
cles ached. She leaned back in her chair and 
felt little rivulets course down her back. Ano
ther dream. 

With an effort that alarmed her she released 
the pen still clutched in her hand and looked to 
the clock on the dresser top. She let out a long 
breath. Nine-twenty. Forty minutes until her 
first class of the day. She groaned and pushed 
back the chair to stand. 

For a moment Megan saw the tall grass of 
the night before. She cursed. It served her right 
for wasting her time writing such nonsense 
instead of leaving the dreams in the sheets 
where they belonged, where she could shake 
them out when she made the bed. Her head 
cleared and she glanced at the rumpled mat
tress. There wouldn't be time to make the bed 
this morning, she told herself. 

She walked to the kitchen and poured a 
glass or orange juice from the pitcher Joel had 
thought to make before he left for school. Her 
dreams seemed to have a propensity for mak
ing her feel hung-over. She smiled, already in a 
better mood. Why shouldn't her head feel 
trampled on? After all, an entire battle had 
been fought inside it between morning and the 
injection of the night before. 

She tipped her head back to finish the juice. 
Then she set the glass down in the sink where 
it waited to be washed, where it would be 
waiting still when she came home that night. 
She sighed. At least she had someone to clean 
the equipment in the lab, now. She remem
bered all too well the times as an undergrad
uate when she had washed the glorified dishes 
in the biology labs only to come home to do the 
same for Joel. And somehow she had man
aged her classes, too. 

The thought of classes hurried her back into 
the bedroom where she paused long enough 
to stuff the morning's scribblings into her 
purse. She would give them to her husband 
when they met for lunch. 

She and Joel lived a half-mile from the 
campus, in a pleasant, older part of town. Even 
on the bicycle she was going to be hard
pressed to make her class on time. Matters 
weren't helped any by the weight of her purse 
and books suspended in the basket between 
the handlebars. 
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Megan had gone about half the distance 
when the orange juice she'd drunk began to 
make itself known to her kidneys. She would 
have to wait until after class, that was all there 
was to it, she told herself. She pedaled faster 
and as she did mused on why she only now 
needed to use a toilet. Had she really sweat 
that much in her sleep? The sheets had been 
soaked but... 

She could remember waking from night
mares drenched in sweat when a little girl, but 
it wasn't the same thing. She couldn't call the 
previous night's dream a nightmare, no matter 
how strange it had been. The more she thought 
about it, the more she liked it. 

Her bladder complained, bringing her 
thoughts back to more pressing problems. She 
ran several calculations through her head and 
whistled at the final results. She must tell Joel 
what the drug was apparently doing to her. 

She arrived at her classroom sweaty and out 
of breath but happy nevertheless. Teaching 
was what she loved to do; it was more than a 
way to life for her, it was life. Teaching and 
learning. As if the two could be separated that 
way. 

The bell signaling the start of third-hour 
classes rang as she dumped her books on the 
long, low laboratory bench that squatted be
tween herself and her students. She opened 
her notebook and fought to collect her 
thoughts, then launched into the day's lecture. 

When she noticed first one and then another 
student squirming restlessly and surreptitious
ly loading books into knapsacks, Megan real
ized the hour was at a close. When the bell rang 
she finished the point she was making and 
dismissed the class. Then it was her turn to 
chafe at the delay suffered as she answered 
questions put to her by the handful of students 
who remained. She was usually happy to 
satisfy those whose curiosity had proved gen
uine but her bladder screamed in protest. so 
she cut short her replies and swept out of the 
lecture hall to the women's room. '"A' is for 
Amazon" someone had written on the stall's 
tiled wall. Megan remembered the night before 
and smiled. 

The last trace of her smile faded when she 
entered the life sciences offices and found Ken 
already hard at work. She had hoped to avoid 
him as she so easily had in the past, but of late 
this had proved impossible as he spent more 
and more time there. He was always difficult to 
deal with, the more so as they found them-
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selves in direct competition for the upcoming 
tenure appointment both sought but only one 
could win; after dream nights Megan felt his 
presence to be particularly irritating. 

Ken was in the forefront of genetic engineer
ing; with the recent Supreme Court decision 
that allowed the patenting of new life forms, 
industry had began pumping research money 
into the University's coffers and Ken's stand
ing in the academic community had risen 
commensurate with his ability to attract large 
grants with his work. Megan's research into the 
chemical formulation of human emotion suf
fered by comparison. Her work failed to cap
ture the public imagination with visions of a 
new order the way Ken's did. Although Megan 
was eager to be involved in the frontier of 
cloning, she felt her current efforts to provide a 
more comprehensive understanding of the 
subtle chemistry that was the human body of 
the utmost importance. The growing uneasi
ness with which she viewed the attempt to alter 
living material made her dismay all the sharper 
when she was recently singled out for humilia
tion by a congressman notorious for ridiculing 
scientific endeavors. 

It was something of a relief for Megan, then, 
that Ken answered her greeting with but a 
disgruntled "Hmmph" and left her in peace as 
she tried to reformulate the second draft of her 
latest research paper. After several hours of 
struggling, Megan glanced up at the office 
clock to discover herself late for lunch with 
Joel. Hurriedly locking the bulk of her work 
into her desk, she gathered up the dream 
papers and ran from the office to minimize as 
best she could her husband's wait. 

Joel was always on time and he was waiting 
for her in the courtyard of the psychology 
building where they always met. Once he 
would have been sure to comment on her 
tardiness, but that was when he believed his 
work to be the more important and his time 
more valuable than hers. Now he noted with 
concern the lines in her face that seemed so 
much deeper with each passing day. He gave 
her a peck on the cheek. "Rough night, huh? 
How'd it go?" 

"Okay." They no longer slept in the same 
bed on dream nights, not since she had blood
ied his nose in her sleep. From her purse she 
pulled out the notes and handed them over for 
Joel to page through. 

"Is this all?" A vexed look came to his face. 
Megan shook her head. "I didn't have time to 

put very much down-1 was nearly late to class 
as it was." 

Joel's face softened. "I'm sorry, Meg ... at 
times I still expect you to drop everything for 
my sake." He gave her arm a squeeze. "Time 
for lunch?" 

They had no sooner sat down in the restaur
ant booth than Joel began to devour her notes. 
She had known he would. When the waitress 
came Megan ordered steak for both of them, 
then waited for Joel's return. She studied the 
sand-colored hair that spilled down onto his 
forehead, all that remained visible above the 
white sheets. She could see the rest of his face 
as clearly as if there were no paper to interfere 
with her view. Joel was pale enough to still 
carry a blush, though was was well into his 
forties. In his tweed suitcoat with its leather 
patches on the elbows he looked exactly what 
he was: a middle-aged college professor; a 
stranger might guess English literature or art 
history-something respectable at any rate
certainly not the parapsychologist Joel really 
was. 

As she pictured the familiar features Megan 
remembered how they had very nearly separ
ated two years earlier. Joel had expected too 
much from her, but then, so had she; allowing 
guilt to prod her into helping Joel with his work 
and caring for the house, she had placed her 
own research last. The self-abnegation was 
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fast consuming her when Joel realized what 
was happening. He fought with himself, won 
and took a sabbatical to help Megan with her 
work: cared for the house, typed her papers, 
and tried to provide the support he had always 
expected for himself. Life was a struggle even 
after the paper was published and they thought 
they had reached an equilibrium. Resuming 
his work, Joel found he still expected more 
than Megan than he had a right to ask, while 
Megan discovered herself less willing to ac
cept nurturance than give it. 

"Anatolia," Joel said, breaking Megan's train 
of thought. "Five, six thousand B.C., hard to 
say which for sure on the little we have. One of 
the ancient matriarchies, at any rate." He 
smiled expansively. "And the same person as 
the last time." 

"Dehydration," Megan replied, "caused by 
excessive fever resulting in minor, temporary 
trauma of sensitive brain tissue." 

Joel shot back a glare. "If you're going to say 
all of this is a hallucination, spare me. We 
eliminated that possibility months ago." 

"As far as the drug being hallucinogenic, I 
agree. We're not dealing with anything as 
subtle as that." She reported her calculation of 
the morning. 

"Megan ... " Joel was definitely cross, now. 
Before he could say anything more the girl 
came back with their food. As she left Megan 
began talking before Joel could continue. 

"I don't know what it is with psychologists; 
you have to have these grand schemes," she 
spread her arms wide, "to explain everything. 
Nothing can ever be taken for what it simply is. 
It's exactly the same situation with the work I'm 
doing on tear formation. How many pscyho
logical theories have been offered to explain 
why people cry? Release mechanism, primitive 
return to childhood, symptom of hysteria
there's a good one, makes crying an illness and 
women the agents of contagion-and in all 
these years of speculation no one has bo
thered to investigate a physical cause for 
crying, unbelievable considering the proximity 
of the tear ducts to the brain. But then, where's 
the romance in viewing the function of tears as 
an excretory process that removes toxins?" 

Joel peevishly cut his his steak all the while 
Megan spoke. He didn't like criticism of his 
theory to come so quickly on the heels of what 
he took to be a major advance. 

"Everything we experience is reducible to 
chemical equations and reactions," Megan 
said, silently laughing at the pout she had 
brought to his face. "Love is simply the high we 
get when our brains produce phenylethyla
mine. Fear is another compound; hate, longing 
- are all the result of chemical formulae 
designed to make us react in some way." She 
paused as a new idea came to her. "Perhaps 
that's backwards, though. Perhaps tears, or 
sweat or laughter, the physical manifestations, 
are the primary product and the emotion we 
experience simply along for the ride." 

"How many different past lives does that one 
make now?" Joel asked, resting his elbows on 
the table and indicating Megan's notes with his 
fork. 

She sighed and picked at her food. "Five." 
"Five." He nodded his head, satisfied he had 

made his point clear. "And for the first time 
we've managed to return to someone we've 
had before. I'd call that progress, wouldn't 
you?" 

Megan looked away. Joel could be so single
minded at times. 

Life had been like this ever since Joel de
cided there must be a better way to recall past 
lives than through hypnosis. If it could be done 
scientifically, he maintained, quantitatively, 
with controlled conditions and repeatable re
sults, the benefits to Man would be enormous. 
Archeology would be revolutionized; so would 
history. Imagine being able to speak to Napol-
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eon or interview Caesar. All one need to is 
locate their new bodies. Prehistory would 
cease to be. Lost civilizations would come to 
light. The only problem had been to find the 
means of triggering the possessions. 

The answer had come from an unexpected 
quarter. One day a colleague of Joel's hap
pened to mention that a new drug being tested 
on depressed women wasn't as beneficial as 
originally thought. Oh, the depression left 
under medication, he said; but it seemed a 
form of schizophrenia soon took its place. The 
women began to report hearing voices and 
believed themselves to be persons other than 
who they really were. Joel asked to meet with 
some of the women; several interviews later he 
knew he'd found what he'd been looking for. 

Megan involved herself in the project to 
protect Joel from ridicule. That was one of the 
reasons, the one she threw at him when they 
quarreled. Another was that she was truly 
intrigued by the possibility of multiple lives. 
Sometimes she laughed to think what she was 
doing; she, the self-sufficient agnostic, looking 
for salvation. 

Now, as she brought her hand up to place 
the forkful of food into her mouth, Joel said 
something to her but she didn't hear what it 
was. Her gaze was fastened on the piece of 
meat before her face and she remembered 
what Ariane had said to her the past night. 
Then her eyes suddenly refocused and she 
found herself looking at Joel as she thought of 
the men she had killed in her dreams. 

"Megan? Megan ... !" Joel's voice was tinged 
with concern and he grasped her wrist to 
regain her attention. 

"What?!" she answered harshly. She tore her 
arm from his grip, spilling most of the fork's 
contents onto the table. She reddened, then 
placed the remainder into her mouth and 
began chewing vigorously. 

"I was asking you when you might like to try 
again," Joel ventured softly. 

"Fuck you, Joel. If you like dead people so 
much why don't you do it yourself?" 

Joel's mild blue eyes opened wide in sur
prise. "But I have." He tilted his head, slipping 
back into the safety professional detachment 
provided. "Apparently this is my first life; the 
drug has no effect on me." 

It was twilight outside. The breeze had 
stopped blowing when the sun went down. 
The crickets had begun crying when the wind 
had died down. Inside the long-house the fires 
never succeeded in wresting more than grudg
ing acceptance from the dark. 

In the half-light away from the fires, Megan 
crouched, alone in spite of the women who 
remained at her side. She had been squatting 
since before dawn, straining to tear herself in 
two. From throughout the room the chanting 
continued, the sound uncannily like her own 
labored breathing. The words that carried to 
her were repeated, over and over so they didn't 
cut their way through the pain to reach her so 
much as they seeped into her consciousness. 
The words carried messages of encourage
ment. 

All of her seemed to hurt now, a growing 
constriction that pummelled her with giant, 
unseen fists. The room seemed darker than 
just a moment before, with a silence so great it 
deafened her. Someone was crying. A voice 
called out that the head could be seen but 
Megan, torn from consciousness, could no 
longer hear. 

There was screaming in her ears once again. 
With shock Megan recognized the voice as her 
own. Screaming and screaming. 

She felt the touch of someone's hand. She 
looked up. Joel. The tears in her eyes made it 
difficult to see him clearly. No, it was cold 



sweat that blurred her vision; the tears were on 
Joel's face. 

He sat on the edge of the bed, holding her 
tightly in his arms, stroking the back of her 
head. As she came out of the dream -no, it 
couldn't have been a dream, no dream could 
be like that- as she came out of the past she 
heard him murmuring soft reassurances. From 
the gaps between window and shade the first 
faint traces of dawn signalled the end of night. 

Megan was sobbing now: short, jagged cried 
that tore at her chest like a sharp knife. She 
tried to talk but couldn't. Joel shook his head 
as if to say she needn't speak. She let the words 
escape as sobs. 

"On and on. I tried to get out-1 was ... 
trapped." She began to shake violently. "I 
couldn't get out, Jo-el." The name was trans
formed into a plaintive cry. "I couldn't get 
out." She cried on a for a while longer. 

half your talent for either teaching or research, 
but-" 

"But if I don't go, the committee will think I'm 
a poor loser and use that against me the next 
time I'm reviewed, instead of admitting the real 
reason." 

"Which is that you're a woman," Joel fin
ished angrily. "Okay, so we have to go. But I 
want to know the moment you start to feel 
tired. They're not worth losing your health 
over." 

They reached the party after nearly every
one else had arrived, the timing close but still 
proper in Megan's view. Had they come any 
later people would talk but she wouldn't have 
them think she was eager to party. As it was, 
most of the people had already had several 
drinks, enough to be past noticing when she 
arrived, enough to loosen up to the point shop 
talk gave way to real conversation. People 

"I d d childbirth, J t 
The Amazon, I mean/' 

When she had finally grown still and it 
seemed as though she could be left alone for a 
few minutes, Joel got up from the mattress and 
disappeared into the kitchen to return with 
orange juice and toast. 

Megan was just finishing patting her face dry 
with the bedsheets as Joel re-entered the 
room. The toast held no interest for her. She 
drank all of one and half of another glass of 
juice while Joel sat in the chair he'd placed by 
the head of the bed. He studied her face 
diligently after she finished the glass. 

"1-she died during childbirth, Joel. The 
Amazon, I mean." She looked up from the bed 
to where Joel leaned forward from the chair 
with his elbows on his thighs, his palms 
pressed together. "After all she survived, to die 
from that. .. "her voice trailed off. Perhaps she 
hadn't been the Amazon after all, perhaps she 
had been the child the Amazon had borne. She 
shook her head to clear her mind. That was 
silly. How could she have remembered the 
woman all those other times if that was the 
case? After what she had just gone through 
she was finally willing to accept Joel's belief in 
reincarnation, but her thoughts weren't so 
muddled she could succumb to patent im
possibility. 

"It's too dangerous to do here anymore, 
Megan," Joel said, interrupting her thoughts. 
"When I came in you were having trouble 
breathing-God knows what might have hap
pened." He pulled his hands apart and spread 
his fingers so that their tips touched. "From 
now on we do it at the lab where we can deal 
with emergencies. And we get someone else to 
go back. I won't have you going anymore." 

At Joel's insistence Megan called in sick and 
remained in bed all day. She knew teaching 
would do more than any amount of rest to 
dispel the depression that lingered in the wake 
of her panic, yet she acceded to Joel's de
mand she rest to insure their attending the 
party that night. As the day wore on and her 
interest in life returned, she came to hate the 
bargain she had made but it couldn't be 
helped: it would have been impolitic to miss 
Ken's celebration. 

Upon his return from the University, Joel 
expressed doubts over her fitness to go out, 
but by then she was so full of energy she 
thought she should burst if cooped up to no 
end. 

"Joel, you know as well as I do Ken would 
like nothing better than for me to not show 
up-then he could tell everyone what a snit I 
was in because he got tenure and I didn't." 

"You've every right to be mad, Meg; he hasn't 

were already dancing. 
Ken came out to greet them as they entered 

the kitchen. Glasses were thrust upon them. 
"Wine, Megan? Joel?" 

"Please." Megan balanced a goblet in an 
outstretched hand as Ken poured. "That's 
fine." The bottle slid upright. 

"Sure?" 
Ken never let anything she said ever pass 

unquestioned. Megan fought down a retort 
and nodded her head before making her way 
to the front room where the dancers were, 
leaving Joel to talk to Ken. 

Parties always struck Megan as bizarre. She 
occasionally wondered whether it was the 
nature of parties or university faculties. Even 
now, looking from where she sat in an over
stuffed chair, she could see the rampant poli
tics as the caste and class divisions manifested 
themselves. The lines of antipathy were drawn; 
somehow they always seemed to exist most 
strongly between women. 

Megan found herself studying the interac
tions as though a stranger to the familiar 
situation. Most of the women there tonight 
were faculty wives; a handful of others were on 
the staff as typists or clerks. The faculty wives 
feared the women who worked with their 
husbands. They watched their husbands with 
muted resentment seeping out from beneath 
their gay chattering. The office workers were 
disdained as well as feared, as though a 
husband's affair with one could affect a wife's 
status by somehow lowering the husband's 
standing in the school. Yet it was women like 
herself, Megan reflected, that were considered 
the greatest threat. The faculty wives thought 
women faculty members were capable of cap
turing minds and well as hearts. If they only 
knew, Megan thought with bitter amusement, 
if they only knew most of their husbands 
disliked her as much as they did. But then what 
would they do, any of them, without the 
divisiveness they had all come to expect? 

The hell with them, Megan decided at last. 
She wanted to dance. She finished the last of 
the wine in her glass, not because she espe
cially wanted it but to prevent anything from 
spilling if the glass tipped over·from its place 
beside the chair. The next moment she was up 
and out on the floor. 

As the music entered her body there seemed 
to be no room inside her for anything else. She 
no longer cared about who danced with who, 
nor would she let them pin her soul down. She 
would dance with no one. And all of them. She 
wheeled about the room like a bird in flight. 
Later she couldn't have said how long she 
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danced, only that it was long enough to leave 
her sweaty and laughing from the caress the 
air gave her wet skin. 

At last she paused, making her way past the 
dancers to the next room where she leaned 
against the wall to watch and catch her breath. 
Ken scuttled over to stand next to her. 

"I was just explaining how mixed-up you and 
Joel are," he slurred. "He should be the 
scientist and let you play with all that hocus
pocus." He fastened a beaming smile upon her 
and waited for her to laugh at his wit. Instead, 
she stared at him coldly, silent not so much for 
what he'd said as that he'd even dared to say it. 
When Ken realized she wasn't going to laugh 
he stopped smiling. "Your husband would 
have a better chance getting tenure in your 
own field than you," he said meanly. He 
wheeled away, then theatrically turned back to 
her. "No one really believes in women aca
demicians anyway." 

Megan stared at his back as he walked away. 
Yes, of course, he was right; but why hadn't he 
completed the thought? No one really believed 
in women as anything to be taken sertously. 
She looked across the room she recently 
danced through, looked at the funny clothes 
and heard the high-pitched voices of the 
women as they cajoled and flattered the men. 
Then she turned and, without thinking, walked 
in the direction Ken had disappeared, obliv
ious to her own intentions. After several steps 
she forced herself fo stop and was caught up in 
long, violent tremors, horrified now by what 
she had wanted to do to him, what she still 
wanted to do to him. She turned on her heel 
and walked instead to the bathroom, locking 
the door behind her before allowing her body 
to find release in loud gasps that were oblit
erated by the sounds of music and talking. 
Once she could have had a spear. .. 

When she emerged from the bathroom she 
found Joel and asked him to take her home. 

That night, Megan dreamed without Joel's 
drug and remembered a past discomfortingly 
familiar. When she awoke in the morning she 
was haunted by the faces of the night before. 
She said nothing in response to Joel's puzzled 
glance at the sweat-drenched sheets, quickly 
dressed and drank her juice silently before 
taking to her bicycle to escape the house. She 
was sorry it had to be this way, but Joel would 
fear what had passed in the night. Megan had 
dreamed her own mother's childhood and 
adolescence, seen life through her mother's 
eyes. The memories ended with Megan's birth, 
leaving her confused: her mother hadn't died 
then. 

The hum of the bicycle tires and the effort of 
peddling brought the night's images to the 
surface of her mind. Megan studied the face of 
her mother, a far younger visage than she had 
ever seen save for old photographs. Where are 
you, momma? she cried out to the face that 
reflected the ravages of cancer when last she'd 
seen it. Surprised at the strength of her emo
tions, Megan pulled the bicycle over to the 
curb and stopped. Her mother disappeared. 

Megan found herself on the hill that over
looked the campus. Why such shock to dis
cover her mother within? she asked herself. 
She had once been within her mother; of 
course she would have inherited her mother's 
memories. Thoughts were merely chemicals 
and within the womb those chemicals would 
naturally inundate the developing mind. Nine 
months would be plenty of time to absorb a 
lifetime's experiences. But why stop there? she 
asked herself. If she had inherited memories 
from her mother, her mother could just as 
easily have inherited memories from her mo
ther-and wouldn't those memories be passed 
on in turn? Megan imagined generations of 
women's lives all collapsing into one another 
to fit within a single body. The sudden insight 
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took her breath away. Joel had been right to 
think it was reincarnation they were toying 
with; yet it was more-it was immortality. 

The thought of Joel forced her out of her 
reverie. She should go home to share her 
discovery with him. Then another insight in
truded to destroy her feeling of warm security. 
Only women bore children. Only women could 
bequeath their experiences and lives to their 
children. Joel was mortal. 

Megan looked from the setting Daughter to 
the east where already the Mother rose 
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wrinkled and blue with age. They would have 
Her light to travel by- as it should be, Megan 
thought to herself. She removed her skirt and 
took off her vest. About her arms and legs she 
wrapped tightly-woven linen cloth, then wrig
gled into a linen blouse. The armor came next, 
two leather pieces, front and back, worn over 
the trunk and strapped by the sides and atop 
the st1oulders. "The Abomination," Ariane 
called it; necessity, Leta said. Time changed. 

Megan glanced at Leta and was reminded of 
the horrible sight that had met them upon 
entering this village. The only women they had 
seen at first were the dead or dying, raped and 
slaughtered, slaughtered and raped. The bod-



ies were of all ages - those bodies that had 
been left in a condition to tell age. The 
mutilation was horrible. The thirty-nine war
riors had walked in silent disbelief, first one 
then another weeping from rage and pain. The 
cries of the living had unintentionally called 
out some survivors, those scattered women 
who had hidden and never been found, or been 
abused, forgotten and escaped further notice. 
The other survivors were no longer in sight 
-they were gone with the men. 

Megan nodded her head and the thirty-nine 
women before her were gone, spreading 
across the fields towards the moon. Then she 
too, was gone. 

The distance dissolved beneath Megan's 
feet like the soft crumbly soil of the worked 
land they trod. In the pale light she could see 
other wraiths like herself rushing across the 
land with strong, steady strides. Nearest her 
was Leta. 

The fields ended and the entered the tall 
grass that swept up from the earth past their 
sandaled teet and bound legs to whisper at 
their thighs. Megan looked towards Leta and 
smiled falsely, meaning to reassure, while she 
herself despaired. How many women had truly 
been killed in the horror that now lay behind? 
The mothers within were irretrievably lost; and 
the living? Meqan looked up to the moon's 
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face. The captives might be saved, but not their 
children. A woman might wait for years to 
conceive naturally; one time with a man and 
she was sure to conceive. And while a woman 
alone always gave birth to-herself, with men 
more often than not the offspring was man
child. Worse, once pregnant by man, a woman 
could never again .conceive of herself. Megan 
began chanting silently to herself. It was going 
to be a long night. If her body couldn't have 
rest, at least her mind would. 

T awards daybreak they came across a 
woman whose body was still warm. While the 
others continued on, Megan and a handful of 
her women gathered about the corpse. One of 
the warriors squatted beside it to weep silently, 
rocking back and forth on her heels while her 
mother remembered a friend's murdered daugh
ter. The crying stopped shortly after it started. 
Her ang11r stoked by grief, the woman rose. 
The pride of Amazons assumed a soft run in 
pursuit of their companions. They soon caught 
up. The Daughter rose, bathing them all in 
light. 

As the morning wore on, the night chill 
succumbed to a pleasant warmth. Enveloped 
in their linen wrappings, the women's arms and 
legs remained comfortable as their leather
encased chests became sticky with sweat. 
Even that annoyance proved a diversion for 
Megan. She dreaded what was coming. It was 
only a matter of time before they discovered a 
woman who still lived, though broken and 
dying. 

The future came to call all too soon. Once 
more Megan fell behind, summoned word
lessly by the knot of women hudddled together 
on the plain. The child was unconscious. 
breathing shallowly. Naked. Megan stared 
numbly at the blood seeping slowly from thin 
legs. Tiny breasts just beginning to sprout had 
been rubbed raw. She turned away in order to 
think. 

They couldn't spare anyone. The girl might 
take hours to die. She might even live, al
though, alone and hurt, it couldn't be long. 
Megan brought out her sword. Seizing a hand
ful of tall grass by the base she drew her blade 
across it near the ground. She worked furious
ly and harvested several armfuls. Then, sheath
ing her weapon, she ran frantically to and fro, 
covering the prone form to protect it from the 
rapidly ascending sun. Perhaps the shelter 
would give the girl a bit more time. Her mothers 
would need time to make their farewells to 
themselves and their last daughter. There 
would be no more. 

Megan straightened from her task. There 
would be no more. Once started, they might 
spend the rest of their lives tending the dying 
and burying the dead. They took off at a run 
again. 

That afternoon was the worst in Megan's 
memories. A coast of filth seemed to rise up 
from the ground and cover her whenever they 
passed a woman without stopping to see if she 
was alive or dead. She imagined them as 
somehow all living, dying from despair only 
when the backs of the hoped-for rescuers 
shrank from sight in the distance. They 
couldn't save them all, Megan reminded her
self. But it did no good. She felt as if she 
murdered them all. The grass seemed to clutch 
at her feet as though pleading with her to stop. 

Megan's mind wandered and she was grate
ful for the momentary relief from the horror all 
about. She remembered her own mother's 
thoughts upon first glimpsing men and how 
she had thought they wore women as they did 
beasts. 

Sweat ran down between her breasts. The 
armor became an oven with the arrival of broad 
daylight. Ariane claimed the use of armor 
would lead women to kill animals and make 
more instead of waiting for them to die as they 
did now. And after that? Perhaps Ariane was 
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The weakness of the plan buzzed in 
her like a fly in a f as e 
Us to low moans, tt al laughter 
and the whisper of trodden grasss 

right, that there was no difference between 
acting like men and being men. Still, she would 
rather risk that than let herself be used as 
Ariane had. 

The moment Megan had the thought she 
was ashamed. A short distance ahead Leta's 
form danced in the sunlight. Ariane had been 
captured during the first campaign years ago 
and was later rescued by Megan's own mo
ther-but not before Ariane had been raped. 
Afterwards, as she swelled with child, every
one knew that if it was male she would kill it 
without hesitation. Leta had been borne, but 
Ariane's determined resistance to men had 
burst into hatred just the same. Because of that 
hate it was Megan who was Spider now. 

Megan absently watched the grass about 
her slowly straighten up before the meaning 
dawned on her. She motioned for the band to 
stop, then ran alone up the long, low rise. Near 
the top she dropped to the ground and sli
thered the remaining distance on her belly. At 
the top of the ridge she slowly rose to her 
knees to peer down into the broad valley below 
and realized for the first time how inadequate 
her plan was. For a brief moment she indulged 
the wish that there were no captives. She could 
simply ask her mother what Ariane had done. 
But there were captives, huddled together and 
surrounded on all sides by death. A new web 
must be woven-and it was Megan who must 
weave it. 

A gentle breeze tickled the back of Megan's 
head as Leta joined her on the ridge. Megan 
pointed down towards the figures below but 
was suddenly aware that Leta looked not past 
the outstretched arm but at her face. She too, 
remembered. Then the other women swarmed 
about them. 

The women lay amidst the tall grass, pressed 
felt against the earth. They had lain there 
waiting, watching the late afternoon sun sink 
ever closer to the horizon. Now it was setting, 
the wispy clouds shining pink above them. On 
the breeze came the sounds of men's voices. 

The women ran the length of the valley after 
Megan and Leta had shown them the strands 
of the web. They ran with the top of the ridge 
between themselves and their enemy, far 
enough ahead that they could then slither 
down the wall of earth unseen and have time to 
catch their breath, weapons drawn the mo
ment they came to rest When the curses and 
taunts were first heard, each woman was 
expecting them-the ground spoke long be
fore the breeze. 

"We shall hide in the grass like wild geese 
flying across the sky," Megan had explained. 
So they lay in two lines that gaped towards 
their sisters' tormentors and gradually came 
together at the opposite end. Megan lay at the 
head of one row, the better to know when their 
prey entered the trap. Dusk was falling. She 
prayed she hadn't miscalculated. The voices 
continued to grow louder. 
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Megan fought to contain herself at the sound 
of a man's voice passing just beyond her. She 
didn't dare raise her head above the grass in 
order to see wllere the raiding party might 
intercept them. If she had guessed wrong, if 
one of the lines was crossed long before the 
other, the resulting alert could destroy any 
hope for success. The weakness of the plan 
buzzed in her head like a fly in a flask as she 
listened to low moans, gutteral laughter and 
the whisper of trodden grass. 

The sound of a single pair of legs pushing 
though the grass suddenly sounded near her 
head. Her muscles barely finished coiling as 
the figure of a man loomed directty before her. 
He stared at the very spot Megan hid as though 
told she was there. Her heart beat wildly until 
she realized the blank look on his face betrayed 
an ignorance of her presence, yet when he 
reached under his tunic Megan reacted in
stinctively and sprang forward, her blade driv
en by the force of sinewy legs as well as her 
arm. The sword plunged through to the hilt. 
Eyes flashed surprise. The man reeled back 
from the weight of the blow, dead, still holding 
himself. 

"Now!" Megan screamed as she stood up
right in the gathering darkness. As one of mind 
the women erupted from the valley floor, some 
so close to the men they must surely have been 
stepped on had another instant passed. The 
first guard Megan reached was looking about 
in confusion, still unsure of the threat. The 
woman hurled herself at him full speed, catch
ing him in the back with the points of her 
knees. He went down beneath her weight. The 
sound of his breath puffing out became a wet 
hiss as Megan's blade slashed through his neck. 
She began a leap that would carry her from the 
dead man but stopped even as her muscles 
began to spring, to rest on one cocked leg. A 
blade whistled just above her head. Her entire 
body snapped taut then, as she straightened 
her leg and thrust. Her blade caught his face 
but before she could pull free she sensed 
another presence behind her. Even as she 
desperately pivoted towards salvation she 
knew the effort was futile. Yet the blow never 
came. Megan tumbled backwards into the 
grass as her blade pulled loose. From the 
ground she watched the point of the sword 
protrude from her attacker's belly. The man 
moved his lips soundlessly, then fell, revealing 
a woman who was bloodied, beaten, dis
heveled. The image of two hands wrapped 
around a hilt meant for only one burned itself 
into Megan's brain. In the time it took her to 
scramble to her feet the apparition vanished, 
returning to fight. 

It was over a short time later. Cries of grief 
and joy ascended the night air as women long 
known to each other as friends or neighbors 
discovered who among them still lived, who 
was dead. The rising Mother bathed them all in 
Her cool, silent light. 
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Dozens of women had died at the start when 
the men had mistakenly thought themselves 
under attack by their victims. Still more women 
had died when they turned on their captors, 
attacking first barehanded and then with dear
ly-bought weapons. The men had been pushed 
back against Megan's warriors by the captives 
and methodically killed. Now the older girls 
searched the fallen for any signs of life, killing 
any wounded men they came across as they 
collected their own. Afterwards, the survivors 
started tiredly for the crest of the ridge, where 
fires would be started for cooking and wounds 
adequately bound for the long, slow journey 
home. 

Megan sat alone on an outcropping of rock, 
far enough away from the rest so that the fires 
seemed to be stars netted from the sky. Her 
armor lay scattered behind her. The linen 
bindings, stained from tannin, dust and blood, 
were loosened to permit the cool, dry night air 
to slip beneath and soothe chafed skin. The 
rustle of long hair blowing loose in·the breeze 
made her look up. 

"One or two days to rest and regain strength," 
Leta said more to herself than to Megan. 
Receiving no answer, she sat beside her lover 
and drew her near, setting the gentle brown 
face softly against her neck and wrapping her 
arms about the slumped form. After a while the 
sobs became softer, the tremors less violent "I 
know," Leta murmured, her words lost in the 
wind. "The children born to these women will 
be like me, and their children, and their chil
dren's children ... " 

"Sterile." Ariane returned. "If not for men ... " 
"If that's what must be done." Leta looked 

away to the stars and smiled. "My daughters 
shall be weavers, too." 

Megan lay in bed in the dark and waited. She 
looked at the lit dial of the clock that sat on the 
dresser top. The time had come. She strained 
her ears. 

Joel stirred on the mattress beside her and 
she looked over at him. though she couldn't 
see him through the dark. In her mind she saw 
shards of glass blowing out past window frames 
into the cool autumn air, followed by bits of 
papers and flame, then watched as the red 
tongues licked out to blacken the brick walls. If 
she hadn't heard what she'd been listening for, 
what had disturbed him? Probably just a 
dream. 

The embryology lab was gone. She smiled, 
aware that it wouldn't be long before it was 
replaced by a successor found for the late
working Ken. The threat was just beginning to 
be answered. If children were produced in 
tanks or switched from womb to womb the 
past would fade, or worse, be garbled. There 
would be nothing left to hand on to their 
daughters. Such a future might not come for 
years but if it did, women would at last be 
completely like men who, when they died, 
were dead. 

And now? She would find some way to free 
the women like herself, the women labelled 
crazy and locked away when they learned who 
they were and began to grow strong. After that 
they would teach other women how to remem
ber who they were, and then teach each other 
how to spin and weave. What if it was a long, 
hard struggle? "They haven't our endurance," 
Ariane had said to her once. 

Ariane. Megan smiled to herself again. She 
swept the long, blonde hair back from her face 
and closed her eyes, rolling over to Joel to 
cuddle against the warmth of his body. The 
time for studying tears was gone. ~ 



by Mary lou Aurell and Robert Plumb 

E ngineers' Week at the Institute of 
Technology is undergoing a renais

san~e. in. seeking public and industry 
part1c1pat1on:.a T~chnology Fair on May 6 
and 7 mclu~mg mdustrial displays and 
tours of vanous IT laboratories joins E
Week events this year. 

E-Week 1981 runs from May 4 through 
May 8. Schedules of events can be found 
in Blarney's Castle and the IT newsletter 
The I. T. Connection, distributed through~ 
o.ut the IT campus in Technolog maga
zme racks. 

E-week is sponsored by the IT Student 
Board, the Minnesota Student Associa
ti~m, and the. IT Alumni Society and is 
d~rected, as .'t ha~ been throughout its 
history, by ITs semor honorary fraternity 
Plumb Bob. ' 

Sixty-seven years ago, when the spring 
celebration officially came to the Univer
sity of Minnesota as E-Day, the engin
eering laboratories were open for all to 
see just what it was engineers did. Soon 
~f~er, n~tional and local industrial groups 
JOined m the displays and brought exam
ples of flourescent lighting, controversial 
transport aircraft, and demonstrations of 
mining equipment to the campus. 

Early accounts cite both Minnesota 
and Missouri as the birthplace of this 
student engineers' celebration. Minneso
ta's began with an excavation for the 
!oundation of an engineering annex, dug 
m 1903. it was there that the legendary 
Blarney Stone was uncovered. This was 
not an ordinary stone, but the one car
rying a mysterious inscription in ancient 
script, "Erin Go Braugh," and glowing 
green. 

On the evening of March 16 1903 
~niversity of Minnesota engineeri~g sen~ 
1ors who had discovered the stone re
~ealed t~e meaning of .its hieroglyphics: 
St. Patnck was an engmeer." And it was 

said that St. Pat's mainstays were his 
Blarney Stone and slide rule, though the 
worm gear was also close to his heart 
since the day he had driven the worms or 
snakes out of Ireland. 

Thus St. Patrick's Day, March 17, was 
m.ade a holiday celebrating engineering's 
lnsh ancestry. And a large group of 
students dedicated themselves to the ser
vice of their patron saint, then followed a 
band about the city, singing Irish songs 
and reveling. 
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E-WEEK 1981, May 4-8 
To ensure that you all get your minimum daily adult requirement of fun this week 

here's a brief description of available entertainment: ' 

Monday 3:30pm 
6-11 pm 
6-11 pm 

5-Km Forester Race 
Chess Tournament Prelims 
Backgammon Tournament 

Prelims 

Superblock Dorm Ctyd 
Architecture Court 
Architecture Court 

See Blarney Board in Mechanical lobby for times on: 

Tuesday 11 am 
12:30 pm 
3pm 
6-11 pm 
6-11 pm 

Wednesday 9 am-4 pm 

10am-4pm 
12 pm 
6 pm-9 pm 
evening 

Thursday 9 am-4 pm 
10 am-4 pm 
12 pm 
7-11 pm 

Friday 10 am-1 pm 

1 pm 
1:30pm 
1:45pm 
2pm 

Foosball Tournament 
Ping-Pong Tournament 
Pool Tournament 
Softball Tournament 

AIAA Paper Airplane Contest 
Calculator Race 
Car Rally 
Chess Tournament Finals 
Backgammon Tournament 

Finals 

Solar Flat Plate Collectors 
Competition 

Technology Fair 
ASCE Toothpick Truss Contest 
Technology Fair 
IT Open House 

Technology Fair 
Army Obstacle Course 
Egg Drop Contest 
Volleyball 

Tricycle Race 
Tricycle Tractor Pull 
Non-Combustion Car Race 
Bed Races 
Wheel barrow Race 
Three-Legged Race 
Tug-of-War 
E-Day Picnic 
Calculator Toss 
Water Balloon Toss 
Awards Ceremony 
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Architecture Court 
check Blarney Board 
Mechanical Loading Dock 
Architecture Court 
Architecture Court 

Northrop Mall 

Northrop Plaza 
Architecture Court 
Northrop Plaza 
all IT 

Northrop Plaza 
see Blarney Board 
Architecture Court 
see Blarney Board. 

Union Street 
Union Street 
Union Street 
Union Street 
Union Street 
Union Street 
Cooke Field 
Northrop Mall 
Northrop Mall 
Northrop Mall 
Northrop Mall 
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While those of Irish or near-Irish an
cestry were extolling St. Patrick at Minne
sota, students at the University of Mis
souri were looking for a similar excuse to 
enjoy spring weather. Their elaborate 
celebrations soon spread to other schools, 
particularly to Iowa State University 
where they were enjoyed by a student 
named George C. Priester who came to 
Minnesota in 1910 as a postgraduate. 

Priester passed on the tradition to en
gineering students here who initiated a 
major event in 1914 and established E
Day at the University of Minnesota. 

On March 17 that year, an all-green 
Minnesota Daily proclaimed that "St. Pa
trick was an Engineer!" and that there
after engineers would monopolize the 
Irish celebration and entertain the entire 
University. 

That day's jubilant events, sanctioned 
by University President George Vincent, 
included a noon parade with the Univer
sity Band leading a procession of engin
eering students through the campus, a 
knighting ceremony at which Professor 
Priester, as "St. Patrick," conferred the 
title of Knight of St. Patrick's on the dean 
of the College of Engineering and its 
faculty, graduate students and seniors 
who then kissed the magical Blarney 
Stone and thereafter possessed the gift of 
golden tongues. 

There was also a Green Tea held for all 
on campus in the electrical engineering 
laboratories and attended by William 
Howard Taft, who was lecturing at 
Minnesota. An evening Engineers' Ball, 
preceded by a vaudeville show held in the 
Armory, drew the largest crowd of any 
dance at that date. A spirit of promoting 
closer relations between engineers and 
the rest of the University's students pre
vailed. 
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This spirit has been nurtured by Plumb 
Bob Society members who have been 
responsible for E-Week celebrations 
through the years as they enlarged to 
include more events and more than a 
day's time. The event soon reached into 
the community sector and the leaders 
invited high school and junior college 
students as well as the public on special 
tours of campus engineering facilities. 

The fun increased, too. There were 
chariot races through campus, tugs of 
war with a fire hose awaiting the loser, 
greased pig contests, and other sporting 
events. The parade became a major ex
travaganza-with numerous floats, bands, 
and marchers. 

The honor of becoming "St. Patrick" 
passed from faculty members to presti
gious students, and prizes were given to 
outstanding scholars and teachers as 
well. 
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The evening ball became the Engin
eer's Brawl and a Queen Colleen was 
crowned. The Green Tea died of its own 
popularity-not enough cups were avail
able for those who attended. It was re
placed with a special convocation, fea
turing internationally known speakers. 
And late afternoons were enlivened with 
satirical revues, starring engineering stu
dents. 

The Blarney Stone was often the center 
of attention. Numerous times during ear
ly celebrations the mining students, who 
for unknown or unpublished reasons, 
were not allowed in theE-Day festivities, 
managed to steal the stone-once to roll 
it into the river and later to drop it down a 
manhole, stopping traffic on Washington 
Avenue. The first time they made off with 
it in a wheelbarrow a general alarm was 
sounded throughout the engineering 
buildings which rapidly emptied of stu
dents racing to rescue their magical 
stone. 

In 1918 the mining students again stole 
the Blarney Stone and took it to a local 
rock crushing company where it was 
transformed into a sack of pebbles. Le
gend has it that the stone the mining 
students took was a fake, and purposely 
had been left unguarded while the real 
one was carefully hidden. 

However, the May 1972 issue of Minne
sota Technolog claimed that the real 
stone had indeed been demolished and 
that the Foresters had perpetuated the 
myth that the real Blarney Stone had 
survived. 

By the late 1960s and the coming of the 
Vietnam crisis, college students' appe
tites for E-Day celebrations diminished, 
though it was marked in quiet revelry, 
void of its St. Pats and Queen Colleens, 
Brawls, and the like. The games and 
contests prevailed and now are part of a 
week's schedule of similar events and 
career seminars for IT students. ~ 
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3 CONVENIENT CAMPUS LOCATIONS 
MAIN OFFICE: 1801 Riverside Avenue 
South 341-3505 

FAIRVIEW /ST. MARY'S OFFICE: 
606 24th Ave. S. 341-2194 

DINKYTOWN OFFICE In The Chateau: 
42513th Avenue S.E. 379-1286 Member: FDIC 

If you're a civil, aeronautical or electrical engineer, you should be aware of the opportunity to 
practice your skills as an Air Force Officer. You'll work with the most sophisticated equipment in the 

world and you'll tackle projects of national priority. Projects that plant you firmly in the exciting 
mainstream of the state-of-the-art. Plu~. consider these additional benefits: 

@ One of the finest compensation and employment packages in the nation. 

@ Graduate education opportunities that can be paid in full by the Air Force while 
you continue to draw pay as an officer: 

Completfon of our three month officer training program will qualify you 
for a commission as an Air Force engineer: See your Air Force 

Recruiter today - he'll give you the details. 

Capt. larry Kugler at 725-6139 
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by Dan McDonald 

overnment science policy and IT: how do they influence 
each other? Washington policymakers are increasingly 

concerned thatfederally funded research be fully used, and the 
slowdown in U.S. productivity and economic growth has led 
Congress to hold more hearings on federal technology policy 
and pass the most important legislation on the issue in several 
years. The state of Minnesota has also acknowledged the value 
to both the state's "quality of life" and the tax base which 
technology-based industry provides. How federal and state 
science policy is evolving, what has changed recently, how IT 
will be affected by these changes are three major concerns 
explored here. 

Technology Transfer 

Congressmen appropriating monies for federal research are 
trying to squeeze more results from the scientific knowledge 
this funding creates. As federal policymakers seek ways to 
improve returns generated from every dollar spent, the issue 
increasingly analyzed is how federally funded research can 
produce more results. Although such agencies as the National 
Institute of Health and NASA produce and apply much 
technology according to federal mandates, the information 
they produce is also potentially useful to state and local 
governments, other countries, and industry. Tliis secondary 
utilization of technology is known as technology transfer. 

Currently, no comprehensive federal policy exists for utiliz
ing technology in non-national governmental agencies and 
industry. Proponents of such a program claim that government 
agencies have widely varying, inconsistent, sometimes conflict
ing technology transfer policies. Opponents of this idea charge 
that since technology transfer is not an explicit duty of most 
federal agencies (NASA's National Telecommunications and 
Information Agency a notable exception), these agencies must 
devote their scarce resources to performing their specific 
duties before attempting secondary goals such as technology 
transfer. Opponents also argue that state and local govern
ments have adequate access to federal technology if they really 
want it, and federal policy overzealously encouraging such 
technology transfer may create use of technology to gain 
federal aid rather than effectively solve non-national roblems. 
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Despite these objections, some efforts have been made to 

support federal-nonfederal technology transfer since Presi
dent Nixon advocated a seven-point technology transfer policy 
in 1972. For instance, the Intergovernmental Science, En
gineering and Technology Panel, created in 1976, assists the 
also-new Office of Science and Technology Policy in identi
fying and promoting uses of federal research and development 
in non-federal governments. A voluntary organization of some 
200 federal laboratories, the Federal Laboratory Consortium 
for Technology, promotes technology transfer by weaving the 
various levels of government, industry, and these labs into a 
comprehensive network. 

Although the National Science Foundation's (NSF) main 
objective is basic research, its Intergovernmental Science and 
Public Technology (ISPT) program helps develop and expand 
technological capabilities of state and local government by 
funding regional programs that serve as technology "brokers," 
matching technology producers and users. NSF also supports 
the State Science, Engineering and Technology Program, 
designed to help states develop ways to increase their science 
and technology capabilities. 

Despite the lack of bills passed which are specifically 
directed at technology transfer, the 96th Congress (in session 
1979 to· 1980) held several hearings on the subject and 
incorporated some technology-transfer proposals into the 
Technology Innovation Act described below. 

lntemational Technology Transfer 

Technology transfer between the U.S. and other nations is 
also an issue of concern to Congress. Such transfer is sought 
not only to help less-developed countries (LDCs) develop 
economic bases, but also to encourage cost-shared coopera
tion with "middle-tier" countries economically ranked between 
the industrialized nations and the LDCs. Such policy would 
also encourage research into areas of great concern to the 
U.S., such as tropical disease treatment and farming on 
marginal lands. 

In spite of these benefits, the controversy surrounding 
international technology transfer creates tough sledding in 
Congress for its programs. In 1979, the Foundation for Inter
national Cooperation became the institute for Scientific Co
operation (ISTC). ISTC seeks to help newly industrializing 
nations develop and grow economically through cooperative 
research and development of technology. The agency, a part of 
the International Development Cooperation Administration, 
has yet to receive any funding. Proponents of the ISTC argue 
that the program supplements existing foreign-development 
programs by developing long-range programs, utilizing scien
tific and technical personnel, giving planners from the assisted 
nations greater influence in targeting U.S. funds, involving 
"middle-tier" nations not aided by other programs, and en
couraging cost-shared cooperation in addition to direct-aid 
"gifts." 

However, several factors have prevented the program from 
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getting off the ground: the opposition of present foreign aid 
agencies (whose money and power would be lessened to make 
room for the new program), the debate over how domestic and 
international politics should influence this aid, and the fear that 
the ISTC would fatten college research coffers. (The afore
mentioned name change supposedly occurred to remove the 
word "Foundation" from the agency's name, which conjures 
visions of such needless university subsidies.) 

Technical Innovation 

Technology transfer to U.S. industry falls under a broader 
federal policy area, technical innovation, defined by the Con
gressional Research Service (CRS) as "the process by which 
indus try generates new and improved products and production 
processes." Although industrial innovation is affected by many 
policy areas, such as corporate taxes and business regulations, 
the federal government has done little to directly address the 
topic. Minor programs in the '60s used technology to help 
smaller businesses improve productivity and grow. In the early 
'70s the Nixon Administration proposed that unemployed 
scientists and engineers be used in a program to solve 
domestic problems with technology, but the effort has pro
duced little more than a small Experimental Technology 
Incentives program (perhaps because unemployed scientists 
and engineers are a smaller problem now). In 1979, the Carter 
Administration outlined a policy to maintain the U.S. as "the 
world leader in industrial innovation." Innovation has received 
the greatest Congressional attention recently, as Congress 
seeks ways to help the economy, culminating in the passage of 
the Technology Innovation Act passed October 21, 1980. The 
Carter policy statement significantly affected this legislation. 

Debate on federal innovation policy centers on three major 
issues: 

1) Is U.S. industrial innovation declining as opposed to 
history or other countries? 

2) Can the economy be aided by government 
stimulation of industrial innovation? 

3) What is the proper federal role regarding industrial 
innovation? 

Congress' answers to these questions are summarized in the 
Technology Innovation Act, in which Congress "finds and 
declares that": 

1) U.S. innovation "may be lagging" compared to historical 
trends and other industrialized nations. This conclusion may 
be drawn from CAS research, which analyzed the trends of 
input indicators, which spur innovation, and output indicators, 
which measure resultant innovation. The input indicators 
(including research and development funding, new public 
technology companies, scientists and engineers engaged in 
research and development, etc.) suggested a trend of growth 

through the 1960s, a leveling or decline in the early '70s and 
r~newed growth in the late '70s. Less accurate output in
dicators, such as new innovations and patent applications, 
indicate a leveling or decline in innovation during the '70s. Of 
course, such statistics do not reflect qualitative factors such as 
the significance or use of these innovations. 

Illustration by Ginna Kadera 
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2) Increased innovation would "reduce trade deficits, stabil
ize the dollar, increase productivity gains, increase employ
ment, and stabilize prices." Economic models and theories 
both demonstrate widespread support for these conclusions. 
However, the degree to which the nation's recent recession was 
caused by any slowdown in innovation, or how well spurring 
innovation will pull the nation out of economic doldrums, are 
issues with little consensus. Economists generally agree that 
encouragement of innovation would be a useful part of a 
comprehensive economic package. 

3) The federal government must form a comprehensive 
policy to enhance innovation, "including a strong national 
policy supporting domestic technology transfer and utilization 
of the science and technology resources of the Federal 
Government." This wording is characteristically vague, since 
such an issue involves political philosophy towards the federal 
government's role in private industry. 

The Technology Innovation Act, in addition to declaring the 
general policy described below, laid the groundwork for 
creating several agencies to spark more innovation, including: 
0 An Office of Industrial Technology in the Department of 
Commerce to monitor, study and report on developments in 
technological innovation, industry, the economy and the 
federal government; 
0 A Center for the Utilization of Federal Technology, also in the 
Department of Commerce, to serve as a clearinghouse for 
transferring federally originated technologies to state and local 
governments and industry; and 
® Centers for Industrial Technology, to be established in 
universities or other nonprofit institutions. These centers have 
several functions, including: 

1) encourage industry/university cooperation; 
2) develop a "generic research base," which provides 

innovation useful to many firms too burdensome for 
these firms to fund individually; 

3) educate and train individuals in the "technological 
innovation process"; 

4) improve information transfer between universities 
and industry. 

Although the bill authorized funding from $24 million for the 
year ending September 30, 1981 to $74 million for 1984 and 
1985, actual funding will probably be less than these amounts. 

This legislation, while neglecting such difficult areas as 
patent law revision and tax policy spurring innovation, never
theless is the most comprehensive science policy enacted 
since the National Science and Technology Policy, Organi
zation and Priorities Act, which redefined science policy 
formulation at the presidential level, became law in May, 1976. 

The State of Minnesota, recognizing the need to examine its 
influence on technological industry in Minnesota, formed a 
Task Force on Technology-Intensive Industries. This task 
force, which includes industry representatives and Margaret 
Lulie, Manager of Public Relations at IT, issued a report in 
January of this year which may serve as a guide for the 
direction of a new, pro-technology policy in the state. 

The report stated that many of the challenges Minnesota 
faces will be ably met by technology-intensive industry, in
cluding: 
0 providing some of the 200,000-plus jobs Minnesota will need 
in 1991; 
e continuing economic expansion with lower energy and 
resources demand, and environmentally safe industry; 
e providing needed non-seasonal jobs in outstate areas; and 
0 decreasing underemployment of workers. 
The report concluded, "The overall outcome of increased 
activity in this sector is a more stable and productive economy." 

Among the statistics cited in the report which reflect tech
nological industries' impact on the economy are indicators that 
technology-intensive industry provided: 
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® 148,000 Minnesota jobs by 1979, over one-third of all 
manufacturing jobs, a gain of 102,000 over 1950 and 2.5 times 
the growth rate of all manufacturing; 
0 $6.4 billion in shipments in 1977, 40 percent of all manufac
turing and 10 percent of the gross state product; 
e 11 percent of all state wages and 9 percent of all workers 
(reflecting the industry's relatively high wages); and 
® $31 million in corporate income taxes and $24 million in 
sales-and-use taxes in 1978, with employees paying $111 
million in income taxes and about $124 million in property 
taxes, totalling $290 million in state revenue. 

The task force, while citing such factors as an existing base 
of technology-oriented firms and a high "quality of life" as 
factors that aided past growth and will continue to create a 
pro-technology environment, recommended several changes 
that will be needed to improve Minnesota's position as a leader 
in technology-intensive industry. They include modification of 
state security policies to ease financing for technology-inten
sive firms, and a tax policy more conducive to technology
intensive corporations, including tax breaks to encourage tech
nology transfer and research-and-development (including, for 
example, a tax credit for new capital equipment purchases), 
easing corporate income tax burdens (especially on small 
companies), and reduced personal taxes. 

IT and State Policies 

Other policy recommendations directly affected IT, such as 
the development of a Minnesota Science and Technology 
Center (MinTech) in IT. This move would make IT more 

Alt h industrial innovation is 
affected by many policy areas, such as 
corporate taxes and business 
regulations, the federal government has 
done little to direc address the 
effective in some of the duties it has already performed in an "ad 
hoc manner." MinTech would, according to the report, aid in 
technology transfer and increase the effectiveness of IT in 
meeting the "technical needs of the state, especially in the 
areas of energy, the environment, industrial growth and pro
ductivity." Min Tech would also help IT garner funding from the 
federal government and industry to supplement projects of 
importance to the state. Min Tech would serve as an organized 
link to the public, offering conferences and workshops. 

MinTech is strongly supported by IT and Dean Roger 
Staehle. According to Staehle, such a center would serve as a 
much-needed arm to the community. Such a state-linked 
center would also focus more attention on regional uses of 
technology, instead of only federally sponsored research of 
national interest. Use of high-technology mining and refining 
methods, for example, might create environmentally safer, 
stable jobs in northern Minnesota mines currently underused 
because of unprofitability. 

Another task force recommendation, "improvement of State 
Education System," also involves the University. Both IT and 
the College of Business Administration were cited as "partic
ularly vital to the growth of Minnesota's technology-intensive 
industries." The need to provide a high-quality education to 
increasing numbers of students in these colleges led the task 
force to recommend "greater support (of the University) from 
both public and private sources" for equipment, facilities and 
faculty. 

Naturally, Dean Staehle tends to favor this proposal also. He 
noted the significant lack of funding for new equipment and 
buildings in technology schools nationwide, estimating that 
these schools need a total of $500 million to upgrade their 
facilities. Staehle is hopeful that Min Tech will be able to attract 
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support from the federal government in addition to state 
government and industry, perhaps through the matching-grant 
method of funding. 

The final task force recommendation, "Improving Under
standing of Business' and Industry's Role in Society," advo
cates increasing the general public's awareness of this role by 
providing informative and educational programs and improv
ing lines to the media. Also recommended were public school 
courses to promote understanding of business, through co
operation with the Department of Education. 

Increased attention to technology in primary and secondary 
public school curricula is another goal beginning to be 
promoted by IT. Staehle cited a desire to see a consortium 
composed of representatives from public schools, industry, the 
College of Education and IT which would enable industry to 
support public school programs' in-general science and math 
instruction. Improved education in this area would give the 
state both a higher quality technical labor force and a better 
informed general public. 

The Future 

According to Staehle, IT is promoting these and other 
projects to move IT's policy toward the community from one of 
isolation to one of cooperation. IT continues to serve as a vital 
labor source to high-technology industry. However, IT has 
started to acknowledge its responsibility to the community in 
the areas of technology transfer to state and local government 
and industry, more aggressive marketing of patents to see 
more IT research used in marketed products and processes, 
education of the general public, linking the technical and non
technical fields, and aiding technology entrepreneurs. 

These moves will serve to lessen IT's reliance on any single 

To Minnesota Technolog, Vol. 61 (1980-81) 

Fall I, 1980 

"Home, Home on LaGrange"/Kyle Fairchild 
Log Ledger/Steve Deyo 
"The Hellish Saint"/Assoc. Prof. George Shaw 
"What a Mess ... !/Steve Deyo 
Ad Astra: The Snow Queen (Vinge), Lord Valentine's Castle (Silverberg), 

Changeling (Zelazny)/Bruce Kvam 
The Lighter Side of Technology: "Things My Mother Never Told Me"/Mary 

Jo Hannasch 
"Space, the Final Frontier"/Tom Coughlin 
The Bionic T.A. #15: "The Return of Samurai T.A."/Steve Smith 

Fall II, 1980 

"Meteorites and Life"/Nancy Hurd 
"Infrared Laser Photochemistry"/Scott Dacko 
Ad Astra: The Barbie Murders (Varley)/John Bartelt 
Log Ledger/Steve Deyo 
"Towards an I.T. Community"/Peter Dille 
"The Future for Technology"/Renee Valois 
The Lighter Side of Technology: "Mathematical Method"/Kevin Gaukel 
The Bionic T.A. # 16: "One Day in the CMU Basement"/Steve Smith 

Winter I, 1981 

"To Design a Space Shuttle Experiment"/Prof. Darrell Frohrib & David 
Hoeltzel 

"Close Encounters of the Voyager Kind"/Nancy Hurd 
"Polymers that Fight Rust"/Renee Valois 
"Minnesota, lnc.,"/Scott Dacko 

source of funding, as state and federal government and 
industry funding become more balanced. The changes may 
also create more diversified duties for IT and generate in
creased general-public cooperation with IT. (~ 
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Winter II, 1981 

"Technolog 1981 Science Fiction Writing Contest Winners"/Steve Deyo 
SF Winner #3: "The Models of Bertram"/David Gustafson 
Ad Astra: The Third World War: August, 1985 (Hackett eta/), Waves 

(Foster), Chrysalis 8 (Torgeson), Star Loot (Chandler), Sinai Tapestry 
and Jerusalem Poker (Whittemore)/John Bartelt 

SF Winner Honorable Mention: "To Sleep, Perchance to .... "/Keith Olson 
The Lighter Side of Technology: "Blowing Soap Bubbles in Sub-Zero 

Weather"/Francis C. Van Asten 
Log Ledger/Steve Deyo 
"Nier on Nuclear"/Regents' Prof. Emer. Alfred 0. C. Nier 
The Bionic T.A.: "Swamped with Schoolwork"/Steve Smith 

Spring I, 1981 

"South Pole Space Research"/Prof. Lawrence J. Cahill Jr. 
"Energy Use and 'Lifestyle"'/Renee Valois ' 
"'Underground,' Phase Two"/Scott Dacko 
SF Winner #2: "Reflection of Eden"/Gordon Plorin 
The Lighter Side of Technology: "The Chemist's 'Murphy's Laws"'/Courtesy 

of Kimble Co. 
Ad Astra: Beyond Rej~ction (Leiber), Optiman (Stableford), Napa/garth 

(Vance), Wolfmg (Dickson), Space Viking (Piper), Wollheim's World's 
Best SF: Series Four (Wollheim), Isaac Asimov Presents ... (Asimov & 
Greenberg)/John Bartelt 

Log Ledger/Steve Deyo 
The Bionic T.A. # 17: "The Return of Jake Starduster"/Steve Smith 

Spring II, 1981 

"Chips That Talk"/Nancy Hurd 
Log Ledger/Steve Deyo 
Ad Astra: The Cool War (Pohl), The Breaking of Northwa/1 (Williams), 

Profundis (Cowper)/John Bartelt 
SF Winner #1: "The Pride of Amazons"/Margaret O'Hartigan 
"An E-Week History"/Mary Lou Aurell 
"High Technology and Big Government"/Dan McDonald 
The Lighter Side of (the Institute of) Technology: 

"Course Description: Physics 5161, Quantum Gastronomy"/ Jeffrey Winker 
The Bionic T.A. #18: "Ole's Graduation"/Steve Smith 
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Course Description 

Quantum Gastronomy: 
Theoretical Methods 

(Physics 5-162) 

Professor: Dr. Guter Mittagessen 
Office: 33 EE 
Office Hours: 3:15-4:00 

Class: MWF 10:15-11:00 
Lab: TTh 11 :00-1 :00 
(locations as announced) 

In an effort to assist the student who is new to this rapidly expanding area of science, the following 
excerpt from the Journal of Physical Gastronomy is presented. It is hoped that it will serve as a 
refresher for those who have had the first-quarter course Introduction to Quantum Gastronomy, 
and as a brief synopsis on what to expect for those who haven't. 

uantum gastronomy often confounds the newcomer, yet this need not be, for like 
its quantum relatives, quantum gastronomy (QG) proceeds along predictable 

lines using methods of analysis which are universal to quantum behavior generally. The 
following discussion is intended to demonstrate some of these relations and how they 
are applied in basic analytical problems encountered in the real world. 

The first consideration must be the Basic Equation of Quantum Gastronomy, 
illustrating its most fundamental mathematical relationship: 

(1) v II = L 

This clearly parallels mathematical forms found in quantum mechanics (QM), and 
serves to provide the same foundation for analysis. In place of the '1', or Psi function, 
there is then, or Pi, function. This function may or may not exhibit time-dependence, a 
topic which will be discussed shortly. Next, we find the symbol v, which, similar to its 
use in OM, serves to operate on the Pi. In OM, the reader may recall, this operator is 
referred to as the "del" operator. In QG, however, it is referred to as a "deli" operator. 
There are in fact numerous deli operators in existence (intuition alone suggests this), 
but some are found to have more uses than others. As the groundwork for QG, 
beginning with the discovery of this operator, was done by E.O. Lincoln, it is usually 
referred to as the Lincoln deli operator. In equation (1 ), then, we have the Lincoln deli 
operating on Pi to produce the quantity L, or lunch. Other results, variously denoted as 
B, D, S, etc., have been observed, but this discussion will focus on L, as the most useful 
and least complicated result. 

Both homogeneous and inhomogenous Pis exist, that is, after performing a deli 
operation on them, they may or may not go to zero. Those which do, invariably do so in 
a time-dependent fashion, the character of which can be expressed by the equation 

(2) IT = 1r (s) 'T (t) 

where small pi is a time-independent function describing spatial characteristics, and 
tau is a function which describes the time dependency of the Pi. It is particularly 
worthwhile to discuss this short of varying behavior in the context of Pi functions which 
yield L after operation, because this result is the most studied, and the associated time 
dependencies are generally regarded as the easiest to treat. (The time dependence of L 
will vary for different Pis, but it usually resembles a Gaussian distribution centered 
about 12 noon, except with finite cutoff points, where the value of the function goes 
abruptly to zero.) 

This elementary treatment of the Pi is not always adequate, however. Indeed, 
expression (2), consisting of only a single pair of separable functions, is usually 
insufficient to characterize conditions which develop in the laboratory. In many cases, a 
partitioned form of the Pi is utilized, defined as 

(3) 
n = 1 

where each Tn(tl may have a unique form. This method of partitioning has been very 
fruitful in describing the behavior of Pis, as it allows the use of non-identical time 
depencies for each partition, which in part explains why some portions of the Pi go to 
zero quickly, while others do not go to zero at all. Those parts not going to zero are the 
cause of inhomogeneous results (i.e., remainders) in solutions to Basic Equation (1 ). 

Also, the degree of partitioning observed will vary. Typical quantities of partitioning 
are 6 or 8, although partitions of 3 or 4 have been observed, and a partition of 2 has 
theoretically been demonstrated to be feasible. These partitions are usually dependent 
upon the deli operator employed. Some deli operators, in fact, deal with the Pi only in 
the unpartitioned form. Interestingly, it can be noted that the unpartitioned Pis are 
typically identical under infinitesimal rotation, whereas partitioned Pis are identical 
only under quantized rotations. Furthermore, partitioned Pis generally lose their 
identical character quickly, even under quantized rotations, usually due to the 
aforementioned time dependencies involved. 

In summary, much study remains. We have only penetrated the crust of this meaty 
subject. In Boston the cream of the scientific world has been combined to see that the 
field continues to bear much fruit. Even now, the research staff of the University of Italy 
is completing its paper on the revolutionary discovery at Piza, the so-called Piza Pi. 
Quantum gastronomy is on the rise-indeed, it's apple-cations are everywhere. (~ 

Thanks to Jeff Winker, Class of '79 
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TECHNOLOG 1981 
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~ 
BE THE FIRST ONE IN YOUR CALCULUS 

CLASS TO HAVE ONE OF THESE UNIQUE 

T-SHIRTS! ONLV $ 2,2 

AVAILABLE IN A5SORTED COLORS AND SIZES. 
ORDER AT THE TECHNOLOG OFFICE (RM. 2 MECH E.) 
OR AT OUR TABLE AT THE E -WEEK PICNIC. 
OFFER ENDS MAY 15-th, 1981 
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What you're looking at is a turntable that measures 
146 feet in diameter - a tum table programmed by 
computer to track the sun's azimuth while concen
trators track the sun's elevation. Nine of these tum
tables are being designed to power marine-mammal 
life-support systems at Sea World in Florida. 

The photovoltaic concentrator system uses 
high-intensity silicon solar cells to convert sunlight 

SOLt\R CELL RECEIVER ASSEMBLY in tO electriC pOWer 
and is under study by 

~~ General Electric for 

J~ -~_] the U.S. Departmer:t 
--~"Y::~~~ of Energy. Parabohc 

if,~:----~liconCcll troughs On each 
. Copper tubmg carrvmg turntable are formed 

'~\.,_ WJtCf absorbltl: :KJ,t from cells of alum in Uffi sheets 
-········ \, ~-- 100 \\atcr covered by a reflec ~ ~-;;=- . to absorption chiller . . . -

\ . •., for JJr condltiOI1ltlt', tive film laminate. , __ 

,."' :·"'~-< \ · ~ They are angled to 
·--~- -,, Lonccntrator 

·. - concentrate energy 
on a focal line of solar cells. DC power generated oy 
the photovoltaic cells will be converted to AC power 
providing up to 300 kw of peak electricity-enough 
power to service about 40 average homes. 

Water circulated through copper coolant 
piping in the solar cell assembly and carried to ab
sorption chillers would be used to air-condition a 
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shark exhibit. The generation of electricity and 
simultaneous ability to air-condition makes the GE 
system unique. 

Our Sea World application is a test project. It 
will include researching ways to reduce costs to 
make photovoltaic systems practical for commercial 
or industrial-scale use. 

Looking for new and practical energy 
sources is just one example of research in progress at 
GE. We're constantly investigating new technologies, 
materials and innovative applications for existing 
technologies - in such areas as medical systems, 
transportation, engineered materials. 

This takes talent- engineering talent- not 
just in research and development, but in design and 
manufacturing, application and sales. 

If you are interested in engineering opportunities 
at GE, check your Placetnent Office or write to: 
Engineering, Bldg. )b, General Electric, Schenectady, 
New York 12)4c;. 

Progress for People 

GENERAL ELECTRIC 
An Equal Opportunity Employer 


